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ABSTRACT 
 
A 2 yr study was conducted to determine the effects of prepartum supplement level and 
age of weaning on cow BW, BCS, milk production, reproduction, calf performance up to 
weaning, growth performance, feed efficiency, glucose and insulin concentration, and carcass 
characteristics of male offspring. Mature, multiparous Angus × Simmental cows (yr 1, n = 326; 
yr 2, n = 383) were used in a split-plot design that included 3 supplement levels (supplement = 
70% dried distiller’s grains plus solubles and 30% soybean hulls; fed 103 ± 11 d prepartum to 2 
± 11 d postpartum): no supplement (NS), 2.16 kg/d∙hd-1 (LS), or 8.61 kg/d∙hd-1 (HS), and 2 ages 
of weaning: 78 ± 11 d of age (EW) or 186 ± 11 d of age (NW). Cow BW was greater (P < 0.01) 
for cows fed HS at pre-calving (49 ± 11 d prepartum), post-calving (26 ± 11 d postpartum), and 
post-breeding (81 ± 11 d post-AI) compared to cows fed NS and LS. Cows fed LS and HS also 
had greater (P ≤ 0.02) BCS at pre-calving and post-calving than cows fed NS. There was no 
effect (P ≥ 0.60) on calf birth weight or calving ease. Prepartum supplementation tended (P = 
0.09) to improve AI conception (NS = 53.2%; LS = 59.2%; HS = 68.8%). Early-weaning 
increased (P ≤ 0.05) AI conception and post-breeding BW and BCS of the cows compared to 
cows with calves weaned normal. A significant supplement level × age of weaning interaction 
existed (P = 0.03) for overall pregnancy. For cows fed HS, EW improved (P = 0.02) overall 
pregnancy; however, age of weaning did not affect overall pregnancy (P ≥ 0.10) for cows fed NS 
and LS. At time of early weaning, BW was increased (P = 0.02) for steers from cows fed LS 
cows compared to steers from cows fed NS. Steer BW at time of normal weaning and ADG 
between early and normal weaning was greater (P < 0.01) for EW steers compared to NW steers. 
A significant (P < 0.01) yr × age of weaning interaction occurred for ultrasound marbling score 
at time of normal weaning. In yr 1, marbling was decreased (P = 0.04) for EW steers compared 
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to NW steers; however, in yr 2, marbling was increased (P < 0.01) for EW steers compared to 
NW steers. For steer progeny, dam prepartum supplement level did not affect (P ≥ 0.15) growth 
performance, respiratory health, or carcass traits with the exception of percentage grading 
Average Choice or greater. A greater (P = 0.03) percentage of steers from cows fed HS graded 
Average Choice or greater when compared to steers from cows fed NS. Early weaning increased 
(P < 0.01) steer initial BW and final BW and reduced (P < 0.01) G:F compared to NW steers. A 
significant (P = 0.02) yr × age of weaning interaction occurred for ADG. In yr 1, EW and NW 
steers had similar (P = 0.78) ADG; but, in yr 2, EW steers had reduced (P < 0.01) ADG 
compared to NW steers. The EW steers were younger (P ≤ 0.01) at harvest and had greater (P ≤ 
0.02) HCW, yield grade, backfat, and marbling scores compared to NW steers. A yr × age of 
weaning interaction (P ≤ 0.04) occurred for percentage of steers grading Low Choice or greater 
and grading Average Choice or greater. In yr 2, early weaning resulted in increased (P < 0.01) 
proportions of steers grading Low Choice or greater and grading Average Choice or greater, but 
there were no differences (P ≥ 0.81) in yr 1. The EW steers had greater (P ≤ 0.04) occurrence of 
single health treatments and mortality due to respiratory disease compared to NW steers. In yr 1, 
insulin concentration and insulin:glucose was greater (P < 0.01) for EW steers than NW steers, 
but there were no differences (P ≥ 0.42) in yr 2. In this trial, prepartum supplementation and 
early weaning improved cow BW, BCS, and reproduction. Although feeding high levels of 
supplement increased BW and BCS, it did not negatively affect calving ease, milk production, or 
reproduction. Minimal effects of dam prepartum supplement level on calf performance up to 
weaning were observed. Early-weaning improved calf growth up to time of normal weaning but 
had inconsistent effects across years on ultrasound measurements. These data indicate that 
feeding a high level of supplement to the dam did not affect feedlot performance but did improve 
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steer quality grades. Although EW steers had increased respiratory illness, they were younger at 
harvest and had greater HCW and marbling scores compared to NW steers. The absence of 
supplement level × wean interactions indicates that these strategies, dam supplementation and 
early weaning, may have an additive effect on developmental programming. 
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CHAPTER 1 
LITERATURE REVIEW 
 
Introduction 
Within the cow-calf enterprise, nutrition and reproduction are two of the most important 
factors contributing to financial success. It is well recognized that proper nutrition is positively 
correlated to reproductive success (Hess et al., 2005). To optimize reproduction, cows must have 
a timely return to estrus which is assisted by an appropriate level of nutrition. Feed 
supplementation during late gestation has been shown to improve cow body weight (BW) (Corah 
et al., 1975) and the return to estrus (Wiltbank et al., 1962). However, in some situations, cows 
can be over supplemented and gain too much weight.    
Other management strategies, such as age of weaning, are used to maximize reproduction 
in mature beef cows. Improved BW and condition (BCS) (Short et al., 1996; Story et al., 2000) 
and pregnancy rate (Myers et al., 1999b) have been observed when evaluating early weaning. 
The effects of these management strategies, plane of nutrition and age of weaning, on cow 
performance and reproduction, as well as the effects to the calf, will be considered here. 
Effect of prepartum supplementation on cow and progeny performance 
 The reality of increased feed costs force cow-calf producers to consider grazing 
opportunities for their beef cows.  Some forages are not always able to meet the nutrient 
requirements of the cows due to forage quality or requirements of the cow. In these cases, feed 
supplementation can be used to increase nutrition provided to the cow and assist in an 
appropriate resumption of estrus following parturition (Hess et al., 2005). Effects of source and 
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amount of prepartum supplementation to beef cows and, subsequently, to their progeny are 
explored below. 
Energy and Protein 
 Reduced energy intake (compared to meeting energy requirements) can delay the return 
to estrus following calving (Wiltbank et al., 1962) and may also affect the performance of the 
calf through reduced milk production (Short et al., 1972). Corah et al. (1975) evaluated the effect 
of energy restriction on 43 Hereford cows in late gestation. These cows were restricted to 50% of 
the recommended level of energy at 100 d prepartum and, 30 d prior to calving, half of the cows 
were raised to a diet of 117% (H) recommended energy while the others remained at 50% (L). 
Over the 100 d prepartum period, cows fed L lost 64.7 kg whereas cows fed H only lost 9.9 kg. 
Calves from cows fed L had a lighter birth weight, increased mortality up to weaning, and lighter 
weaning weights (P < 0.05). Milk production probably played a role in these differences, as cows 
fed L produced 4.1 kg/d compared to 5.5 kg/d of cows fed H. Interval to first estrus did not differ 
between cows fed H and L (P > 0.05) and was 51 and 52 d, respectively. Cows showing estrus at 
40 d post-calving was 41% for cows fed H and 26% for cows fed L; however, these differences 
were not significant (P > 0.05).   
 Additional work with supplemental energy to pregnant cows has been done, although not 
in a continuous restriction design like the previous study. Sanson et al. (1990) fed a protein 
supplement with various levels of corn to cows on native winter range. Cows received 1 of 3 
treatments: 1) Ear corn only (E), 2) Protein (P), or 3) Ear corn plus protein (E+P). Cows fed P 
lost the least amount of weight compared to the other 2 treatments; however, following calving, 
cows fed E and E+P gained more weight (P < 0.001). Reproductive performance was not 
affected by treatments. 
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Other studies have evaluated the pairing of energy and protein in a single supplement; in 
this case, dried distiller’s grains with solubles (DDGS). The first is a study by Warner et al. 
(2011) where mature cows in late gestation were supplemented with DDGS as they grazed corn 
crop residue. Cows supplemented DDGS had an increased (P = 0.02) BCS before calving 
compared to non-supplemented cows. Remaining performance measures such as cow BW, 
calving interval, calf birth weight, calf weaning weight, percentage of cows cyclic, and final 
pregnancy rates did not differ.  
The second study (Winterholler et al., 2012) supplemented mature cows in late gestation 
and early lactation with increasing levels of DDGS (0.77, 1.54, and 2.31 kg/hd DDGS all fed 
3d/wk during gestation and 4d/wk during lactation) and found BW, BCS, and calf birth weight to 
increase (P < 0.01) has DDGS level increased. No differences (P ≥ 0.31) were found in luteal 
activity (%), AI conception, or overall pregnancy. The authors concluded that feeding DDGS 
was comparable to feeding a traditional cottonseed meal-based supplement on cow BW, BCS, 
and reproduction. 
Other studies have taken an either/or approach to energy versus protein. Kartchner (1980) 
compared the effects of protein and energy supplementation to cows grazing winter range forage. 
Pregnant Hereford cows (n = 33) were assigned to either 1) No supplement (C), 2) Barley (E), or 
3) Soybean meal (P). The authors saw no treatment effect (P > 0.05) on BCS or BW changes. 
With increased animal numbers, a treatment effect on cow performance may have been 
significant. The authors stated that during relatively mild winter conditions with plenty of forage 
available, cow performance is not benefitted by including an energy or protein supplement. 
 In a similar study comparing protein versus energy supplementation, Marston et al. 
(1995) evaluated type of nutrient (ENERGY or PROTEIN) fed before and after calving on cow 
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herd performance in Hereford and Hereford × Angus cows. Cows fed ENERGY during gestation 
had greater BW gains (P < 0.01) and 11% great pregnancy rate (P < 0.002) compared to cows 
fed PROTEIN; however, there was no effect of supplementation on calf weaning weight. 
 There has been limited work comparing sources of dietary energy fed prepartum to beef 
cows. One study (Wilson, 2012) compared the effect of feeding cows ground hay (HAY) versus 
corn coproducts and ground cornstalks (COP). Body weight and BCS were increased (P ≤ 0.08) 
in cows fed COP compared to cows fed HAY, but no differences (P ≥ 0.42) were detected in 
milk production or subsequent conception rate. A second study by Radunz et al. (2010) 
compared the effects of feeding hay (HY), corn (CN), or dried distiller’s grains (DDGS) to 
mature Angus-cross cows in late gestation. Treatment did not affect prepartum cow BCS change 
(P = 0.28) but birth weight was greater (P < 0.01) for calves from cows fed CN and DDGS than 
from cows fed HY. The authors contribute this difference to the effect of treatment on 
developmental programming of the fetus. Developmental programming will be discussed later in 
this chapter. 
In areas of poor forage quality, such as the northern Great Basin, protein available to the 
cow falls below requirements and supplementation is often necessary. DelCurto et al. (1990) 
evaluated the effect of feeding 3 supplements of different protein concentrations to Hereford × 
Angus crossbred cows grazing dormant tall prairie grass during the last trimester of gestation. 
The supplements were isocaloric and ranged from 13% to 39% crude protein. Of the 3 
supplements, the largest protein concentration was effective in reducing BCS loss up to calving. 
Calf birth weight tended to increase (P = 0.17) linearly as protein concentration increased but 
calf ADG and cow reproductive performance were not affected (P > 0.10).  Additional studies 
have evaluated the effect of protein supplementation to Angus × Hereford cows grazing dormant 
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forage in late gestation and have concluded that protein supplementation increased BW and BCS     
compared to cows not supplemented (Mathis et al., 1999; Schauer et al., 2005).  
Several studies out of the University of Nebraska have evaluated the effect of late 
gestation protein supplementation to mature cows grazing winter range. All cows used were 
crossbred and consisted of Angus × Gelbvieh × Hereford × Simmental and Red Angus × 
Simmental genetics. In one study (Stalker et al., 2006), a supplement (0.45 kg/d; 42% crude 
protein) was provided to grazing cows 3 d/wk for 3 mo prior to calving. Feeding a prepartum 
supplement increased (P = 0.01) BCS precalving and prebreeding but did not affect (P = 0.46) 
pregnancy rate. Prepartum supplementation did not affect (P = 0.29) calf birth weight, but 
increased (P = 0.02) weaning weight.  
In a second study, protein supplementation and winter grazing system (corn residue vs. 
winter range) were investigated in a 2 × 2 factorial. Regardless of winter grazing system, 
supplementation of 0.45 kg/hd of a 28% crude protein cube to cows in late gestation resulted in 
greater (P ≤ 0.02) precalving BW, prebreeding BW, and BCS compared to non-supplemented 
cows, but no effect (P > 0.32) on BW or BCS at weaning. Calf birth weight tended to be greater 
(P = 0.11) for calves from protein supplemented cows and weaning weight was greater (P = 
0.02) for calves from supplemented cows grazing winter range compared to non-supplemented 
cows (Larson et al., 2009). 
Fike et al. (1995) used Hereford × Angus cows to investigate ammoniated wheat straw as 
a source of protein supplementation for penned cows in late gestation. Cows were placed on 1 of 
4 treatments: 1) no supplement (C), 2) 12% crude protein (LP), 3) 20.1% crude protein (MP), or 
4) 31.7% crude protein (HP) in the last trimester of gestation. Supplementation increased (P < 
0.01) BW gain and BCS with no effect (P ≥ 0.20) on calf birth weight, weaning weight, and 
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ADG. Average calving date, percentage of cows cycling at the start of the breeding season, and 
pregnancy rate were similar (P ≥ 0.20) among treatments (Fike et al., 1995). 
Rumen undegradable protein 
 Not only has crude protein been studied as a cow supplement, but rumen undegradable 
protein has been a focus to potentially boost reproductive efficiency. Rumen undegradable 
protein (RUP) has been shown to reduce postpartum cow BW loss (Wiley et al., 1991; 
Dhuyvetter et al., 1993) and improve reproductive efficiency when fed to young Brahman cows 
(Wiley et al., 1991). In 2 yr-old Angus × Hereford cows, postpartum supplementation of RUP 
resulted in numerical improvements in milk production and, correspondingly, increased (P = 
0.04) calf ADG (Rusche et al., 1993). These effects may be explained by repartitioning of 
nutrients. Hunter and Magner (1988) saw that first-calf heifers supplemented with formaldehyde-
treated casein, a source of RUP, had improved BW gain, reduced milk production during the 
second half of lactation, and a faster return to estrus compared to cows not supplemented. The 
authors concluded that nutrients were re-directed toward maternal body reserves from milk 
synthesis in the second half of lactation. 
In consideration of prepartum supplementation, Sletmoen-Olson et al. (2000) used 36 
Hereford × Angus cows to evaluate the effect of varying undegradable intake protein (UIP) 
levels on cow performance when fed low-quality hay. Cows were placed on 1 of 4 treatments: 1) 
Control (unsupplemented), 2) Low UIP, 3) Medium UIP, and 4) High UIP and remained on 
treatment from late gestation through early lactation. Supplements were formulated to be 
isocaloric and contain equivalent amounts of degradable intake protein. Cow BW was increased 
(P = 0.01) for supplemented cows at 9 mo of gestation and throughout lactation compared to  
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cows fed Control. Cow BCS was increased (P = 0.02) for supplemented cows at 9 mo of 
gestation and 3 mo into lactation compared to cows fed Control. Calf birth weight was increased 
(P = 0.03) for calves from cows fed Medium UIP compared to calves from cows fed High UIP. 
The authors did not speculate as to what caused this effect. However, there was no difference in 
calf weaning weight or cow reproductive performance. 
 In another study on prepartum nutrition, Miner et al. (1990) utilized 60 Hereford × Angus 
and Tartentaise cows to investigate the effects of RUP or fat supplementation to pregnant cows 
grazing winter range during the last 9 wk of gestation. Treatments consisted of a 1) No 
supplement control, 2) Soybean meal, 3) Soybean meal + blood meal, 4) Soybean meal + corn 
gluten meal, 5) Soybean meal + fat. Cows in the control group experienced the greatest BW loss. 
Inclusion of RUP tended to increase (P < 0.06) BW compared to feeding soybean meal alone. 
Urea 
 Some studies have examined different nitrogen sources as supplements to beef cows. 
Lamm et al. (1977) compared the performance of Hereford × Angus cows wintering on corn crop 
residue when supplemented either soybean meal or urea during the last trimester of gestation. 
The authors found no differences (P > 0.05) on cow BW, calf birth weight, or cow reproductive 
performance.  
 Köster et al. (2002) evaluated level of urea inclusion as a percent of supplemental 
degradable intake protein (DIP). Hereford × Angus cows wintering on dormant forage were 
placed on 1 of 3 treatments during the last trimester of gestation: 1) 0% DIP from urea, 2) 20% 
DIP from urea, and 3) 40% DIP from urea. Treatment had no effect (P > 0.05) on BW, BCS 
change, pregnancy rate, calf birth weight, and calf weaning weight. These results are similar to 
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the findings of Kalmbacher et al. (1995), despite differences in range and cow breed, where cow 
performance was comparable regardless of using urea or a natural protein. 
Lipid 
 In recent years, lipid supplementation to beef cows has been an area of interest. Banta et 
al. (2006) compared supplementing whole sunflower seeds (WSUN), soybean hull-based 
positive control (PCON), and soybean meal-based negative control (NCON). The 3 supplements 
were formulated to be approximately equivalent in crude protein as well as isocaloric between 
PCON and WSUN. After 76 d of supplementation during the last trimester of gestation, cows fed 
WSUN gained the least BW, compared to cows fed PCON and NCON. Cumulative BCS change, 
calf birth weight, calf weaning weight, percentage indicating luteal activity, and overall 
pregnancy rate were not affected (P ≥ 0.26) by treatment.  However, first-service conception was 
greater (P = 0.01) for cows fed PCON and tended to be greater (P = 0.07) for cows fed WSUN 
compared to cows fed NCON. A second study by Banta et al. (2008) utilized supplementation of 
whole soybeans in 3 age classes of cows. Body weight gain was reduced (P < 0.01) after initial 
supplementation with whole soybeans but BW change over the entire experiment, calf weaning 
weight, first service conception rate, and pregnancy rate were not different (P ≥ 0.21) between 
treatments. 
In a more recent study, the same authors evaluated the effect of feeding sunflower seeds 
with varying fatty acid profiles (control vs. linoleic vs. oleic) during the last trimester of 
gestation. Throughout the first 62 d of supplementation and before calving, whole sunflower 
seed supplementation resulted in reduced (P < 0.01) BW gain compared to the control and a 
trend for reduced (P = 0.08) BCS loss during the same period. However, calf birth weight, first-
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service conception rate, pregnancy rate, and calf weaning weight did not differ (P ≥ 0.18) among 
treatments (Banta et al., 2011).  
Whole corn germ was used as a supplement ingredient of fat in 2 of 3 treatment groups: 
1) 1.14 kg/d of whole corn germ fed for 45 d before calving, 2) 1.14 kg/d of whole corn germ fed 
for 45 d after calving, and 3) dry rolled corn for 45 d before and after calving. Cow BW, BCS, 
calf birth weight, weaning weight, ovarian luteal activity, and pregnancy rate were not affected 
(P ≥ 0.11) by treatment (Martin et al., 2005). 
The studies cited above show inconsistent effects of fat supplementation on cow 
performance and reproductive performance during late gestation. A review by Hess et al. (2005) 
mentions that this is due to different dietary factors during supplementation as well as timing of 
supplementation. Overall, though, the authors of the review conclude that prepartum fat 
supplementation is an effective means of improving reproductive success and suggests that 
supplementing fat 60 d prior to calving may boost pregnancy rates by around 6% for herds with 
average pregnancy rates ≤ 90%. 
Summary 
 To conclude, many feedstuffs with varying nutrient levels have been supplemented to 
cows. There is no “magic bullet” in terms of which supplement to use because of variations in 
forage quality, forage availability, physiological state of cows, and price of supplement. 
Supplementation of any kind has almost always resulted with improved BW and BCS compared 
to cows not supplemented. There was not such a strong correlation to reproductive performance 
in any of the trials, which may be impacted by the BCS of the cows at trial initiation or the 
forage quality during the trial. Effects of cow supplementation on the calf are even more 
variable.  
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Effect of maternal overnutrition on cow and calf performance 
According to a review by Wu et al. (2006), “overnutrition can result from increased 
energy, protein, or both.” In almost all animal production settings, feeding beyond the nutritional 
requirements is not desired because of feed costs. However, cows being fed ad libitum on a high 
quality feedstuff may become overweight. Overfeeding during gestation has been shown to 
reduce fetal growth in sheep (Wallace et al., 2004) and swine (Cole, 1990). Other research in 
swine indicates that overfeeding sows during gestation may reduce feed intake during lactation 
as well as impair fetal development and postnatal survival (Han et al., 2000). Experiments 
specific to ruminants and the effects of overnutrition during gestation on the dam and progeny 
will be explored below. 
In order to evaluate the effects of excessive fat deposition in beef cattle, Arnett et al. 
(1971) carried out 2 experiments. In the first, 12 sets of twin females were managed similarly 
until 12 mo of age and then assigned to 1 of 2 treatments: 1) NORMAL (fed to gain 
approximately 1/3 kg/d until first parturition), and 2) OBESE (fed corn and cottonseed hulls to 
achieve and maintain excessive fatness). Cows were allowed 15 mo on treatments before initial 
mating and a total of 3 parturitions were included in the study. Weights and measurements of the 
females at intervals from age 12 to 72 mo indicate that the obese females were significantly 
heavier (P < 0.05) and the difference in weight was fat. Reproductive performance was not 
significantly impacted by treatment; although, OBESE females did require more (P > 0.05) 
services to conception. Length of gestation and birth weight of calves was not impacted by 
treatments (P > 0.05). One major observation was the difficulty of calving for OBESE females. 
Across all 3 parturitions, almost 40% of OBESE females required calving assistance compared to 
6% of NORMAL females and 8 calves were lost to OBESE females and 4 to NORMAL females. 
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Survivability was impacted by treatment: 5 of 12 OBESE females died or were removed from 
the study due to death from calving problems,  1 from severe mastitis, and 1 from a chronic 
prolapsed uterus; whereas, no NORMAL females died or were removed from the study. Milk 
production was found to be decreased in OBESE cows (P < 0.08). Calves from NORMAL cows 
tended to have an increased gain and weigh more (P < 0.15) at 210 d of age when compared to 
calves from OBESE cows which is likely a reflection of the improved milk production of their 
dams. After slaughter, at 72 mo of age, OBESE females measured 3.40 cm of backfat compared 
to 1.73 of NORMAL females and large deposits of internal and udder fat were found in the 
OBESE females. The authors speculate that this udder fat may have caused reduced milk 
production. 
 In the second study by Arnett et al. (1971), 30 eight-yr-old cows were selected based on 
production records from the previous 5 calf crops and allotted to 1 of 2 treatments: 1 ) fed hay 
and 1.1 kg cottonseed meal/hd daily (NORMAL) and 2 ) fed same diet as 1 plus free access to 
ground milo (OBESE). Cows were placed on treatments on August 1
st
 and continued until 
calving (February to April). Groups were combined on 1 pasture after calving and, at weaning, 
separated back into original treatments and the feeding procedure was repeated for a second yr. 
The OBESE cows were 112 and 146 kg heavier (yr 1 and 2, respectively) than NORMAL cows 
prior to calving and, since the cows were mature, the authors assume the difference in weight 
was due to accumulation of fat. Birth weight and weaning weight of calves did not differ (P > 
0.05) by treatment. Milk production data was not shown, but the authors reported that there was 
no difference between OBESE and NORMAL cows. Number of calves born, number of calves 
weaned, and cow survival was not impacted (P > 0.05) by treatment and the authors concluded 
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that “the beef cow is not susceptible to extensive damage from moderate, short-term obesity 
acquired during pregnancy in the mature phase of the life cycle.” 
 Long term effects of obesity on cow productivity were evaluated by feeding 8-mo-old 
Hereford females (n = 120) Low, Moderate, High, and Very High levels of supplement over 10 
winters (Hughes et al., 1978). During the first winter, cows were fed varying amounts of 
cottonseed meal from November until mid-April to meet assigned BW changes (Low- 0 kg 
gain/hd daily; Moderate- 0.23 kg gain/hd daily; High- 0.45 kg/hd daily). For the second and all 
subsequent winters, cows were supplemented to control for the desired BW loss (Low- 20% loss 
from fall BW; Moderate- 10% loss from fall BW; High- 0% loss from fall BW). The Very High 
treatment level was reached through offering a minimum of 50% concentrate supplement in a 
self-feeder. Over the course of the whole study, High and Very High cows were found to have an 
increased (P < 0.05) BW compared to the other 2 treatments and the Low treatment had a 
reduced BW compared to the other 3 (P < 0.05; Hughes et al., 1978). Body measurements 
indicated that differences were due to accumulated body fat and not changes in skeletal frame 
size (Hughes et al., 1978). Calving date was consistently earlier for High and Very High cows 
compared to Low and Moderate cows for the first 4 yr of the study. The authors explain this may 
be due to a delay in return to estrus due to the decreased level of nutrition. Birth weights were 
reduced in calves from Low cows for yr 1 and 2. In yr 3, birth weights were significantly reduced 
in calves from Very High cows compared to birth weights of calves from cows in the other 3 
treatment groups. The authors suspect that the obese fetal environment of the Very High cows 
resulted in reduced birth weights. Weaning weight was reduced in calves from Low cows in yr 1 
and 2 and also in calves from Very High cows in yr 5. The reduction in weaning weight of calves 
from Low cows is not surprising because these calves were born lighter and milk production was 
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assumed to be reduced in Low cows (although it was not measured). The authors did not discuss 
why weaning weight may have been reduced for calves from Very High cows in yr 5; perhaps, it 
was due to decreased milk production that was observed in Arnett et al. (1971). However, this is 
speculation because milk production was not measured in Hughes et al. (1978). Calving 
difficulty was “extremely high” for the Very High cows compared to the remaining cows in yr 1 
and 33% of the calves were stillborn. This is supported by the finding in Arnett et al. (1971) that 
first-calf heifers are extremely susceptible to calving difficulties when on an elevated plane of 
nutrition. 
 While useful, these previous experiments are limited in scope to data just up to weaning. 
More recent work has attempted to answer some of the questions regarding maternal obesity and 
the long-term effects on progeny. Long et al. (2010) used sheep to evaluate the effect of 
increased nutrient intake before and during gestation and the impact on growth, adiposity, and 
glucose tolerance in the offspring. Ewes were fed 1 of 2 diets (100% (control) or 150% (obese) 
of NRC recommendations) 60 d before conception through parturition. Body condition scores of 
obese ewes increased up to 8.6 compared to 4.9 of control ewes by 135 d of gestation. Gestation 
length was reduced (P < 0.01) in obese ewes by about 7 d, but lamb birth weights did not differ 
by treatment (P > 0.28). Offspring BW remained unaffected (P = 0.72) by treatment through 19 
mo of age; however, offspring of obese ewes had increased (P = 0.02) fat tissue mass compared 
to offspring of control ewes. The response of plasma glucose, insulin, and leptin were measured 
in 2 glucose tolerance tests. Offspring of obese ewes were found to have increased (P ≤ 0.05) 
levels of insulin and leptin compared to offspring of control ewes. Insulin resistance has been 
observed in children from obese mothers compared to children from non-obese mothers 
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(Mingrone et al., 2008), and it is believed that leptin resistance is 1 mechanism that can lead to 
obesity (Long et al., 2010).   
There is very little information available regarding growth and performance of progeny 
from overfed cows after time of weaning. However, the research highlighted in the previous 
section indicates that there is a link between maternal obesity and the growth and metabolism of 
progeny. This relationship and the mechanisms as to what cause it have been an active area of 
research in both human and animal health. Theory and research progress regarding the 
relationship of maternal nutrition and progeny will be discussed below. 
Fetal programming 
Through observations in human health, D.J. Barker authored some of the leading 
literature suggesting the womb influences subsequent adult health.  In a review of infant birth 
records in England and Wales starting in 1911, most neonatal deaths were associated with 
decreased BW and in areas of mothers with poor health statuses. Cardiovascular disease later in 
life was correlated to their placental and birth weight. These findings indicate there is long term 
programming in early life in humans (Barker, 1990), and this can also occur in animals (Wu et 
al., 2006). Since then, Funston et al. (2010) has defined fetal programming as the “process by 
which insults or stimuli during early development have lifelong impacts on postnatal growth, 
physiology, and metabolism”.  
Reviews of fetal programming indicate that fetal growth can be compromised in many 
situations including uterine insufficiency (multi-fetal pregnancies), undernutrition, overnutrition, 
heat stress, and dam illness (Wu et al., 2006). Evidence indicates that restricted growth as a fetus 
has a negative impact on birth weight, pre-weaning survival, weaning weight, lifetime morbidity, 
growth, feed efficiency, body composition, and meat quality (Wu et al., 2006). These effects 
15 
 
reduce the quality of the product to the consumer as well as profitability to the producer, so 
minimizing fetal growth restriction is essential. 
The relationship of dam gestational nutrition and fetal programming has been given 
attention recently because it is one of the factors that managers have some control over. It may 
be possible that an understanding of fetal programming and dam nutrition can be used to develop 
strategies to improve carcass quality and other production measures. For example, protein 
supplementation to dams in late gestation has resulted in calves with increased weaning weights 
(Beaty et al., 1994; Stalker et al., 2006), improved average daily gain (Ciminski, 2002), greater 
marbling scores (Larson et al., 2009), and those grading USDA Choice or greater (Larson et al., 
2009). Several facets of these studies have emerged including timing and amount of 
supplementation on factors such as fetal development, growth performance, and carcass 
characteristics.  
 Fetal development including differentiation, vascularization, fetal organogenesis, and 
placental development occur during early gestation (Funston et al., 2012). Several studies have 
evaluated the effect of early gestational undernutrition on the subsequent development of the 
fetus. Nutrient restricted cows during early gestation were found to have reduced placental 
vascularity (Vonnahme et al., 2007), 40% of stunted fetuses with increased fetal brain and heart 
weights (Long et al., 2009), and fetuses with improved gut vascularity (Meyer et al., 2010). The 
authors conclude that this is due to reduced placentomal surface area and cotyledonary weights 
(Funston et al., 2012). Fetal programming has also been shown to affect other organs including 
lung, pancreas, kidney, placenta, perirenal fat, and small intestine (Funston et al., 2012). One 
strategy to ameliorate fetal growth restriction is to improve placental blood flow, possibly 
through therapies such as estrogen implants, nitric oxide, or arginine supplementation (Reynolds 
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et al., 2010). These strategies are currently being considered for human use and being tested in 
animal trials (Reynolds et al., 2010). There may someday be potential for some of these therapies 
to be used in livestock production to reduce the effects of fetal growth restriction.  
 Muscle tissue and intramuscular fat are essential components of carcass quality and are 
extremely valuable to a producer. Optimizing skeletal muscle development in utero is important 
because there is no increase in muscle fiber numbers after birth (Stickland, 1978). Fat, muscle, 
and connective tissue all originate from mesenchymal stem cells and further develop into mature 
fibers and cells throughout gestation. In comparison to organs, skeletal muscle is a low priority 
in nutrient partitioning and nutrient deficiency to the dam can result in progeny with reduced 
muscle fiber numbers, muscle mass, and poor performance (Funston et al., 2012). 
 Since muscle, fat, and connective tissue all are derived from the same pool of cells during 
development, work has been done to influence the path of differentiation. In a review by Du et 
al. (2013), timing of primary and secondary myogenesis makes early- and mid- gestation the 
most critical for skeletal muscle development and is sensitive to nutrients and endocrine 
regulation. The authors conclude that nutrient restriction during early gestation has a major 
impact on muscle fiber numbers whereas nutrient restriction towards the end of gestation impacts 
muscle fiber size and postnatal growth through reduction of satellite cells. Adipogenesis occurs 
mainly in late gestation and early postnatal, beginning first with visceral fat and followed by 
subcutaneous, intermuscular, and intramuscular depots. Avoiding nutrient restriction during 
primary and secondary myogenesis as well as increased nutrient supplementation from early 
weaning to 250 d post-natal may maximize carcass quality. 
 Progeny health also may be linked to maternal nutrition. Corah et al. (1975) found 
reduced birth weight and increased mortality and morbidity in progeny from nutrient-restricted 
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heifers in late gestation. Bovine respiratory disease was increased in steers from 
nonsupplemented cows (Larson et al., 2009), although, not always (Stalker et al., 2006). These 
varying results may be due, in part, to the ages of the dams used in these studies. The study by 
Corah et al. (1975) used heifers, which have different requirements from mature cows because 
they are still growing.  
 In summary, fetal programming is an important and relevant topic that has applications to 
animals both as models for humans and also in the production sector. There is potential to affect 
fetal development early in gestation through impacts on organogenesis and vascularity as well as 
at mid- to late-gestation during myogenesis and adipogenesis. Understanding the mechanisms of 
maternal nutrition and fetal programming may aid livestock managers in preventing fetal growth 
restriction and maximizing muscle and intramuscular fat deposition.  
Age of weaning 
 Beef calves are traditionally weaned at around 205 d of age and then enter a grazing 
system or a feedlot. Weaning removes the cow’s nutrient requirements for lactation so she can 
re-partition them towards replenishing body reserves and growth of her fetus. Alternate ages of 
weaning and effects to the cow and calf have been explored as a way to improve reproductive 
efficiency of the cow and performance of the calf. In a review by Thrift and Thrift (2004), the 
authors concluded that, generally, early-weaned calves fed a concentrate diet had equal or 
improved BW by the time of traditional wean, but feedlot ADG and carcass weight tended to be 
less compared to traditionally-weaned calves. The same is not seen in carcass yield or quality; 
where early-weaned cattle have equal or improved carcass yield grade and carcasses grading 
Low Choice or better compared to traditionally-weaned cattle (Thrift and Thrift, 2004). Dams of 
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early-weaned calves had improved BW, BCS gain, and increased pregnancy rates compared to 
dams of traditionally weaned calves (Thrift and Thrift, 2004).  
Despite the validity of these generalizations, some inconsistencies occur in the literature; 
mainly, the definition of early weaning (60-190 d), normal weaning (180-270 d), late weaning 
(250+ d), and the effect on the health and carcass quality status of the calf. Time of calving 
(spring or fall), type of forage, and genetic variation of the cattle vary in the literature as well.  
Age of weaning: Cow performance 
 In general, cows weaned from their calf at an earlier date have improved BCS and BW 
gain compared to cows with calves weaned later (Neville and McCormick, 1981; Peterson et al., 
1987; Short et al., 1996; Myers et al., 1999a, Myers et al., 1999b; Story et al., 2000; Grings et al., 
2005; Schultz et al., 2005; Merrill et al., 2008; Odhiambo et al., 2009; Hudson et al., 2010). This 
is likely due to the increased available energy partitioning to body reserves after the removal of 
lactation. In many studies, age of weaning has had no effect on pregnancy rate (Neville et al., 
1981; Short et al., 1996; Myers et al., 1999a; Story et al., 2000; Grings et al., 2005; Odhiambo et 
al., 2009; Hudson et al., 2010); although, cows with calves weaned at 90d postpartum did 
experience a 12% improved pregnancy rate (Myers et al., 1999b). This is probably due to the 
variation in time of weaning. The first studies utilized a later weaning age for “early weaning” 
which fell after breeding. Without the removal of energy required for lactation, it is no surprise 
that treatment did not affect pregnancy rate. 
 Early-weaning calves may also impact forage intake of cows and, subsequently, winter 
feed costs (Merrill et al., 2008). Merrill et al. (2008) evaluated the influence of early weaning 
(EW; 130d) and traditional weaning (TW; 205d) on grazing behavior and winter feed costs 
using Angus × Hereford spring-calving cows. After TW (October), cows were fed to obtain a 
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similar BCS to EW cows by 1 mo prior to calving. After winter feeding (February), there were 
no differences in BCS and BW between treatments (P = 0.52). Winter feed costs were $29 
greater (P < 0.01) per cow for TW compared to EW. The authors concluded that the improved 
BCS of the EW cows resulted in decreasing winter feed costs. 
 Age of weaning has been shown to affect feed intake in other studies. Short et al. (1996) 
found cows with calves weaned at 170 d versus 250 d to have reduced forage and total intakes. 
Another study (Peterson et al., 1987) found fall-calving cows with calves weaned at 110 d to 
consume 45.3% less hay than cows with calves weaned at 222 d. On a cow-calf pair basis, early-
weaned cow-calf pairs ate 20.4% less total digestible nutrients than normal-weaned cow-calf 
pairs. Story et al. (2000) found annual cow costs, due to feed and replacement heifer cost, were 
greater (P < 0.10) for the LW ($443.45) than for the EW ($410.09) and NW ($421.35). Another 
study by Adcock (2011) found DMI decreased with early weaning due to reduced cow intake 
and removal of calf’s intake. Removing the calf early saved about 400 kg of forage, resulting in 
about $40.00 of feed savings. These studies indicate an economic incentive to utilize earlier 
weaning. 
 These studies all varied in design where age of weaning, genetics, season of calving, and 
climate differed. Despite these differences, it appears that early weaning is an effective strategy 
to improve BCS and BW with neutral or positive effects on reproductive performance. 
Additional benefits of earlier weaning include reduced cow intake and decreased winter feed 
costs. Variations in time of yr, forage availability, and forage quality may lead to similar results 
on varying magnitudes. 
Age of weaning: Calf performance, carcass characteristics, health, and economics 
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 Some studies have shown that calves early-weaned have a lighter BW at normal weaning 
compared to their normal-weaned counterparts (Smith et al., 2003; Arthington et al., 2005; 
Grings et al., 2005; Grings et al., 2006); although, the opposite (Neville et al., 1981; Peterson et 
al., 1987; Grimes and Turner, 1991; Story et al., 2000) and no difference (Schultz et al., 2005) 
has been seen as well. The effect of early weaning on ADG is mixed with improvement in the 
receiving and growing phase (Arthington et al., 2005; Meteer, 2013), improvement in the 
finishing period (Myers et al., 1999a; Myers et al., 1999b; Wertz et al., 2002), no difference in 
growing and finishing phases (Short et al., 1996; Arthington et al., 2005; Grings et al., 2006; 
Shike et al., 2007), or poorer ADG overall  (Williams et al., 1975; Kubisch and Makarechian, 
1987; Story et al., 2000; Arthington and Kalmbacher, 2003; Smith et al., 2003; Schoonmaker et 
al., 2004). Improved feedlot feed efficiency has been shown in early-weaned steers compared to 
normal-weaned steers (Myers et al. 1999a; Barker-Neef et al., 2001; Schoonmaker et al., 2004), 
and resulted in fewer d to harvest compared to steers weaned later (Shike et al., 2007) but not 
always (Grings et al., 2006). 
 In some cases, early weaning has been associated with improved carcass quality. Shike et 
al. (2007) found steers weaned at 63 d had increased HCW, marbling score, percentage grading 
Average Choice or greater, and percentage of steers grading Low Prime or greater compared to 
steers weaned at 189 d. This finding is supported elsewhere, where earlier calf age at weaning 
(60 to 190 d) has been associated with increased fat depth (Story et al., 2000), improved 
marbling scores (Myers et al., 1999a; Wertz et al., 2002; Meyer et al., 2005; Meteer et al., 2013), 
and an increased percentage grading USDA Choice or greater (Myers et al., 1999a; Meyer et al., 
2005). The effects on hot carcass weights have been more mixed with early weaning associated 
with increased hot carcass weights (Myers et al., 1999a; Story et al., 2000; Meyer et al., 2005) 
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whereas the opposite was found in other studies (Williams et al., 1975; Barker-Neef et al., 2001; 
Schoonmaker et al., 2004). Still other studies have found no differences in carcass characteristics 
between early-weaned and normal-weaned cattle (Myers et al., 1999b; Story et al., 2000; 
Arthington et al., 2005). 
 Obviously, there are inconsistent effects of early weaning on calf performance and 
carcass characteristics. These variations may be due to time of calving (fall or spring), age at 
weaning (“early” ranging from 60 to 190 d postpartum), genetics, climate, or small sample size. 
Despite these differences in design, Thrift and Thrift (2004) conclude that, in general, calves 
weaned early have slightly reduced performance in the feedlot and neutral to improved carcass 
quality compared to calves weaned at a traditional age.  
 The relationship of health and early weaning has been considered by several research 
groups in the past decade. Smith et al. (2003) compared post weaning behavior and growth 
performance between calves weaned at approximately 120 d of age or weaned at 217 d. The EW 
calves had greater frequency (P < 0.01) of stress vocalizations and pacing (P < 0.02) than NW 
calves.  
 To analyze the stress at a more physiological level, Arthington et al. (2005) analyzed 
blood samples at normal weaning, feedlot arrival, and throughout the receiving period to 
measure stress. Results indicated that calves weaned early (89 d) and managed on-site before 
shipping experienced decreased (P < 0.05) ceruloplasmin and haptoglobin (acute phase proteins 
or APP) levels compared to calves weaned at 300 d and transported immediately. Along with 
reduced stress-related hormones, feed efficiency was improved for EW steers in the receiving 
and growing periods. These results indicate that EW steers may be more tolerant to the stresses 
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of transport and feedlot entry, probably due to extra time allowed to acclimate to weaning on-
site. 
 The same research program used their 2005 results to organize a study that investigated 
the immune system, specifically after an endotoxin challenge, of early- and normal-weaned 
calves (Carroll et al., 2009). Eighteen Brahman × Angus calves were weaned at either 80 or 250 
d and allowed 45 d to commingle on limpograss pasture. Calves were fitted with jugular 
catheters, challenged with an endotoxin, and subsequent blood samples were analyzed for 7 
immune response related hormones. Results indicated an altered immune system between the 2 
treatments with NW calves having greater (P ≤ 0.04) concentrations of 5 of the 6 variables, 
which included TNF, IL-1, IL-6, ceruloplasmin, and haptoglobin. Early-weaned calves also had 
increased levels of interferon-γ (IFN), which indicates they may be more effective in recognizing 
and eliminating endotoxin. The authors concluded that the EW calf immune system may be “less 
naïve” than that of the NW calf and may explain the improved feedlot performance and reduced 
APP seen in the previous study. 
Type of weaning system can also affect profitability. In a study by Story et al. (2000), 
spring-born steers that were early-weaned at 150 d had improved carcass quality compared to 
normal-weaned steers. Net income per steer at slaughter for the feedlot phase was greater (P < 
0.001) for EW steers ($75.36) and NW steers ($62.16) than for LW steers ($10.09). However, 
Meteer et al. (2013) found that, despite the improved price per steer at slaughter for EW steers, 
normal-weaned steers were $43 more profitable due to reduced feed costs. Shike et al. (2007) 
found feed and yardage costs increased for EW steers, compared to non-creep fed NW steers, by 
$120. Value of the carcass was improved for EW steers compared to NW steers by $56, due to 
improved carcass quality.  
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 Story et al. (2000) concluded that early weaning results in a shift of costs from the cow 
herd to heifer development and the feedlot. Profit potential from each weaning system is affected 
by feed costs, time when cull cows are marketed, heifer development costs, time of yr when 
steers are purchased into the feedlot, and time when finished cattle are sold. These factors may 
explain why Hudson et al. (2010) saw no differences in enterprise profitability when comparing 
2 weaning dates of fall-born steers. Time of yr, feed costs, and the state of the market are 
unpredictable and vary constantly. 
Summary 
 Utilization of early-weaning in beef production can offer several benefits to the cow, calf, 
and producer. In general, cows that early-wean calves have improved BW and BCS along with 
reduced feed intake and winter feed costs. There is more variation on the effect of early weaning 
to the calf but performance, carcass characteristics, and health are generally similar or slightly 
improved. Depending on time of yr and market conditions, early weaning might also improve 
profitability. 
Overall conclusions 
 Feed supplementation, especially of energy and protein, and early weaning have been 
shown to be viable strategies to improve BW and BCS for mature beef cows.  Effects on 
reproductive performance are less consistent but appear to have neutral or positive effects. Less 
is known regarding the effect of overfeeding on performance of mature cows and their progeny 
and, to my knowledge, nothing is known on the relationship of overfeeding and age of weaning. 
Both pre-natal nutrition and post-natal management affect the calf into adulthood and, thus, have 
a developmental programming effect. Research exploring the relationship of maternal level of 
nutrition and post-natal management is needed to address this gap in the literature. 
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CHAPTER 2 
PREPARTUM SUPPLEMENT LEVEL AND AGE OF WEANING: I. EFFECTS ON PRE- 
AND POSTPARTUM COW PERFORMANCE AND CALF PERFORMANCE THROUGH 
WEANING 
 
Abstract 
Objectives were to determine the effects of prepartum supplement level and age of 
weaning on BW, BCS, milk production, reproduction, and calf performance up to weaning in a 
fall-calving system over 2 yr. Mature multiparous Angus × Simmental cows (yr 1, n = 326; yr 2, 
n = 383) were used in a split-plot design that included 3 supplement levels (supplement = 70% 
dried distiller’s grains plus solubles and 30% soybean hulls; fed 103 ± 11 d prepartum to 2 ± 11 
d postpartum): no supplement (NS), 2.16 kg/d∙hd-1 (LS), or 8.61 kg/d∙hd-1 (HS), and 2 ages of 
weaning: early at 78 ± 11 d of age (EW) or normal at 186 ± 11 d of age (NW). Cow BW was 
greater (P ≤ 0.02) for cows fed HS at pre-calving (49 ± 11 d prepartum), post-calving (26 ± 11 d 
postpartum), and post-breeding (81 ± 11 d post-AI) compared to cows fed NS and LS. Cows fed 
LS and HS also had greater (P ≤ 0.02) BCS at pre-calving and post-calving than cows fed NS. 
There was no effect (P ≥ 0.60) on calf birth weight or calving ease. Prepartum supplementation 
tended (P = 0.09) to improve AI conception (NS = 53%; LS = 59%; HS = 69%). Early-weaning 
increased (P ≤ 0.05) AI conception and post-breeding BW and BCS of the cows compared to 
cows with calves weaned normal. A significant supplement level × age of weaning interaction 
existed (P = 0.03) for overall pregnancy. For cows fed HS, EW improved (P = 0.02) overall 
pregnancy; however, age of weaning did not affect overall pregnancy (P ≥ 0.10) for NS and LS 
cows. At time of early weaning, BW was increased (P = 0.02) for steers from cows fed LS cows 
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compared to steers from cows fed NS. Steer BW at time of normal weaning and ADG between 
early and normal weaning was greater (P < 0.01) for EW steers compared to NW steers. A 
significant (P < 0.01) yr × age of weaning interaction occurred for ultrasound marbling score at 
time of normal weaning. In yr 1, marbling was decreased (P = 0.04) for EW steers compared to 
NW steers; however, in yr 2, marbling was increased (P < 0.01) for EW steers compared to NW 
steers. In this trial, prepartum supplementation and early weaning, improved cow BW, BCS, and 
reproduction. Although feeding high levels of supplement increased BW and BCS, it did not 
negatively affect calving ease, milk production, or reproduction. Minimal effects of dam 
prepartum supplement level on calf performance up to weaning were observed. Early-weaning 
improved calf growth up to time of normal weaning but had inconsistent effects across years on 
ultrasound measurements. 
 
Introduction 
Within the cow-calf enterprise, nutrition and reproduction are 2 of the most important 
factors contributing to financial success. It is well recognized that proper nutrition is positively 
correlated to reproductive success (Hess et al., 2005). Feed supplementation during late gestation 
has been shown to improve cow BW (Corah et al., 1975) and the return to estrus (Wiltbank et al., 
1962). Because feed costs are estimated to be responsible for over 50% of total annual cow costs 
(Miller, 2001), it is important to optimize their use and consider alternative management 
strategies, such as early weaning, to boost cow performance and post-calving reproductive 
success. Improved BW and BCS (Short et al., 1996; Story et al., 2000) and pregnancy rate 
(Myers et al., 1999a) have been observed when employing early weaning strategies. However, 
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little is known about the combined effect of cow supplementation level and age of weaning on 
cow performance, especially when supplemented at levels exceeding requirements. 
 Previous work has indicated that maternal physiology and nutrition during late fetal 
development can impact muscle fiber size and postnatal muscle fiber growth (Du et al., 2013). At 
the same time in development, intramuscular adipocytes are also forming and continue until 
about 250 d of age (Du et al., 2013). In consideration of these observations, supplementation 
level and age of weaning are 2 management practices that may impact the development and 
ensuing performance of the progeny.  
We hypothesized that an increased supplementation level and earlier age of weaning 
would increase cow performance and subsequent pregnancy rates while also impacting the 
progeny. Therefore, our objectives of this experiment were to determine the effects of level of 
supplementation and age of weaning on cow pre- and post-partum BW and BCS, milk 
production, reproductive performance, and calf performance up to weaning. 
 
Materials & Methods 
 The Institutional Animal Care and Use Committee of the University of Illinois approved 
the procedures used in this experiment. 
Animals, Experimental Design, and Treatments 
Mature multiparous Angus × Simmental cows (yr 1, n = 326; yr 2, n = 383) were used in 
a split-plot design that included 3 supplement levels (supplement = 70% dried distiller’s grains 
plus solubles and 30% soybean hulls (Table 2.1); fed 103 ± 11 d prepartum to 2 ± 11 d 
postpartum): no supplement (NS), 2.16 kg/d∙hd-1 (LS), or 8.61 kg/d∙hd-1 (HS) and 2 ages of 
weaning: early at 78 ± 11 d of age (EW) or normal at 186 ± 11 d of age (NW). The objective 
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was to determine the effects of prepartum supplement level and age of weaning on cow BW and 
BCS, milk production, reproduction, and calf performance up until time of normal weaning in a 
fall-calving system over 2 yr (2011 and 2012). Each yr, cows were assigned to 1 of 9 groups (yr 
1, n = 326; yr 2, n = 383) and each group was assigned 1 of 3 supplement levels (NS: n = 108 
and 128; LS: n = 109 and 126, or HS: n = 109 and 129 for yr 1 and yr 2, respectively), with 3 
replications per level. Within group, 1 of 2 weaning ages were evenly assigned to cows with 
steer progeny (EW or NW). For both yr, cows were fed and managed at the Dixon Springs 
Agricultural Research Center in southern IL. In yr 1 and yr 2, only multiparous, pregnant cows 
bred to produce an Angus × Simmental calf were included. A subset of cows (n = 206) used in yr 
1 were used again in yr 2 (NS, n = 64; LS, n = 72; HS, n = 70). These cows were evenly 
distributed to new supplement levels based on the supplement level of the previous yr. Cows 
were removed (NS, n = 46; LS, n = 54; HS, n = 51) from the experiment for reasons unrelated (P 
≥ 0.40) to supplement level. Three additional cows were removed after time of early weaning 
(LS/EW, n = 2; HS/NW, n = 1) for reasons unrelated (P ≥ 0.33) to supplement level or age of 
weaning.  
The experimental timeline is displayed in Figure 2.1. Supplementation was initiated at 
103 ± 11 d prepartum to cows grazing endophyte-infected tall fescue/red clover pastures. 
Supplementation was halted at the midpoint of calving (2 ± 11 d postpartum) and cows were 
consolidated into 3 pastures, each containing 1 NS, 1 LS, and 1 HS cow group. Following 
consolidation, cows were fed 2.14 kg of DDGS + Co-Product Balancer (Purina Animal 
Nutrition®, Saint Paul, MN: 700 g/ton Monensin; 25% crude protein; 2% crude fat; 8% crude 
fiber; 13% Ca; 3.5% NaCl; 0.1% K; 24,000 IU/lb. Vitamin A) per head each d. Half of the steer 
calves were weaned at 78 ± 11 d of age (EW) and the remaining progeny were returned to the 
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cow and weaned at 186 ± 11 d of age (NW).  Body weights were collected on all progeny at both 
time points. 
Pre-partum BW and BCS (emaciated = 1; obese = 9) were collected before the start of 
supplementation (104 ± 11 d prepartum) and before the start of calving (49 ± 11 d prepartum). 
Average calving date was 9/12/2011 and 9/11/2012 and postpartum BW and BCS were collected 
(26 ± 11 d postpartum).  Milk production was determined on a subset of cows (2 of 3 replications 
or 6 of 9 groups each yr; yr 1: NS, n = 48; LS, n = 50; HS, n = 45; yr 2: NS, n = 78; LS, n = 69; 
HS, n = 79) the wk before breeding (68 ± 11 d postpartum) via the weigh-suckle-weigh 
technique as described by Beal et al. (1990). Cows were synchronized (68 ± 11 d postpartum) 
using the Co-Synch+CIDR procedure (Bremer et al., 2004) and artificially inseminated (78 ± 11 
d postpartum). Following AI, cows were exposed to bulls for a 45 d breeding season. Conception 
after AI, overall pregnancy, BW, and BCS were determined at 81 ± 11 d post-AI. Conception 
and overall pregnancy rates were determined by a trained technician via ultrasonography (Aloka 
500 instrument (Wallingford, CT); 7.5 MHz general purpose transducer array). 
Steer management 
 At time of early weaning, half of the steer progeny (yr 1, n = 68; yr 2, n= 74) were 
transported to the University of IL Beef & Sheep Field Laboratory (Urbana, IL), penned by dam 
group, and adapted to an ad libitum grain-based diet (Table 2.2) over a 28 d transition period. 
Steers weaned early in yr 1 included 27 steers from cows fed NS, 22 steers from cows fed LS, 
and 19 steers from cows fed HS. Steers weaned early in yr 2 included 22 steers from cows fed 
NS, 23 steers from cows fed LS, and 29 steers from cows fed HS. At time of normal weaning, 
the remaining half of the steer progeny (yr 1, n = 66; yr 2, n = 73) were transported to the 
University of IL Beef & Sheep Field Laboratory (Urbana, IL). Normal-weaned steers in yr 1 
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included 26 steers from cows fed NS, 22 steers from cows fed LS, and 18 steers from cows fed 
HS. Normal-weaned steers in yr 2 included 18 steers from cows fed NS, 26 steers from cows fed 
LS, and 29 steers from cows fed HS. 
All steers were vaccinated 3 wk prior to and at early weaning with Bovishield
®
 Gold FP5 
VL5 HB (Pfizer, Exton, PA), One Shot Ultra
®
 7 (Pfizer, Exton, PA), and Pulmo-Guard
®
 MpB 
(Boehringer Ingelheim Pharmaceuticals Inc., Ridgefield, CT). For yr 1, the following additional 
products were used at early weaning- Eprinex
®
 (Merial, Duluth, GA), Micotil
®
 (Elanco, 
Greenfield, IN), Inforce 2
®
 (Pfizer, Exton, PA). In yr 1, EW steers also received oxytetracycline 
in their water after feedlot arrival.  In yr 2, EW steers were treated with Pulmotil
®
 (Elanco, 
Greenfield, IN) for 14 d after feedlot arrival. Vaccine boosters were given to all steers at normal 
weaning.  
Body weight at time of early weaning and normal weaning was collected for steer and 
heifer progeny. In addition, ultrasound measurements were collected on the steers at early 
weaning and normal weaning to estimate 12
th
 rib backfat thickness (BF) and marbling. 
Ultrasound measurements were collected by a trained technician using an Aloka 500SV 
(Wallingford, CT) B-110 mode instrument equipped with a 3.5-MHz general purpose transducer 
array. Images were analyzed using CPEC imaging software (Cattle Performance Enhancement 
Company LLC., Oakley, KS). The EW steers were fed ad libitum in concrete bunks and average 
intake was calculated for the phase between early weaning and normal weaning.  
Feed sampling and analysis 
 Nutrient composition of the DDGS/soy hulls supplement in yr 1 was calculated using the 
DDGS load analysis provided by ADM (Decatur, IL) and published values for soybean hulls 
(NRC, 1996). In yr 2, samples of the supplement were collected twice over the supplementation 
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period, at supplementation initiation and halfway through supplementation, and composited. 
Feed ingredients of the diet fed to EW steers were collected every 28 d and composited over the 
course of the period between early weaning and normal weaning. For the steer diet, ingredients 
were individually analyzed for nutrient composition and then used to formulate diet nutrient 
composition. Composited feed samples of the cow supplement and EW steer diet ingredients 
were dried at 55
o
C for 3 d and then ground using a Wiley mill (1-mm screen, Arthur H. Thomas, 
Philadelphia, PA). Cow supplement samples were analyzed for CP (Leco TruMac, LECO 
Corporation, St. Joseph, MI) and fat (ether extract method; Ankom Technology). Ground 
ingredients of the EW steer diet were analyzed for ADF and NDF (using Ankom Technology 
method 5 and 6, respectively; Ankom
200
 Fiber Analyzer, Ankom Technology, Macedon, NY), 
CP (Leco TruMac, LECO Corporation, St. Joseph, MI), fat (method 2; Ankom Technology), and 
total ash (600° C for 2 h, Thermolyne muffle oven model: F30420C, Thermo Scientific, 
Waltham, MA).  
Blood collection and analysis 
Blood was collected from all cows to determine progesterone concentration (57 ± 11 d 
postpartum and 68 ± 11 d postpartum). Blood was collected using a 12 mL syringe (Monoject, 
Covidien, Mansfield, MA) via the jugular vein, stored in a 10 mL borosilicate glass tube 
(Thermo Fisher Scientific Inc., Waltham, MA), and allowed to clot at room temperature before 
being centrifuged at 1,300 × g for 20 min at 5
o
C. Serum was stored at -20
o
C for subsequent 
progesterone analysis.  
Progesterone analysis was performed by radioimmunoassay using a Coat-A-Count kit 
(Siemens Healthcare Diagnostics Incorporated, Los Angeles, CA). Progesterone standards were 
made by diluting a stock solution of 50 ng/mL of progesterone with charcoal-stripped bovine 
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serum to create standards: 0.3, 0.5, 1.0, 2.5, 5.0, 10.0, and 25.0 ng/mL of progesterone.  The kit 
was validated for measurement of progesterone in bovine serum by performing parallelism and 
recovery of unlabeled ligand. To validate for parallelism, 4 volumes of a pooled serum sample 
(50 µL, 100 µL, 200 µL, and 300 µL) were compared to the standard curve across the assay 
range. The actual amount of progesterone in pooled serum samples was similar to the expected 
amount of progesterone in pooled serum samples (100 µL = 98.9%, 200 µL = 116.9%, 300 µL = 
104.2%). To validate for recovery of unlabeled ligand, a pooled serum sample was spiked with 3 
different volumes (50 µL, 100 µL, and 200 µL) of a known amount of progesterone (25 pg/100 
µL). Percent of recovered unlabeled ligand was 103.6%, 92.7%, and 91.2% for those volumes, 
respectively. A comparison of progesterone values of extracted and non-extracted serum indicate 
that no extraction was required in this assay. Serum was added to antibody-coated tubes, 
provided in the kit, and incubated with 
125
I progesterone for 3 hr at room temperature, as 
described by the kit instructions. At the end of incubation, liquid was aspirated from all tubes, 
with the exception of 2 tubes used for total count, and bound 
125
I progesterone was counted for 1 
min on a gamma counter (2470 Wizard2, PerkinElmer Incorporated, Waltham, MA). Values 
were deemed acceptable if the coefficient of variation within duplicates was at or below 5%. The 
interassay CV was 5%. Estrous cyclicity was verified when serum progesterone concentration 
met or exceeded 1 ng/mL. 
Statistical analysis 
 The MIXED procedure (SAS Inst. Inc., Cary, NC) was used to analyze all variables. Pen 
was the experimental unit. Supplement level, yr, and supplement level × yr were included as 
fixed effects in models of all variables for cows and calves. Age of wean and interactions with 
wean were included as fixed effects in the models of all variables measuring cow removal post-
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EW, steer performance, ultrasound measurements, AI conception, overall pregnancy, and BW 
and BCS post-breeding. Binomial data (cow removal, unassisted calving, calves dead on arrival, 
estrous cyclicity, AI conception, overall pregnancy) were converted to a working variable (x) 
based on proportion of successes within n treatment combination. Data were transformed using 
sin 
-1 
(x)
 0.5 
due to non-normality as described by Humblot et al. (1991).
 
Estimates from SAS (y) 
were re-transformed using (sin(y))
2 
and are reported below. The PDIFF statement was used to 
separate means at significance of P ≤ 0.05 and trends at 0.05 < P < 0.10.  
 
Results and Discussion 
Cow performance, prepartum to breeding 
 Results for prebreeding cow performance are found in Table 2.3. Initial BW of cows did 
not differ (P = 0.40) across supplementation level. Although, initial BCS tended (P = 0.09) to 
differ within supplement level × yr, this is likely due to the very small standard error. Body 
condition scores across the 3 supplement levels were within 0.2 units of each other and not 
biologically different. Cows fed the high level of supplement had a greater (P < 0.01) precalving 
BW by 28 kg and 15 kg when compared to NS and LS cows, respectively. Precalving BCS was 
increased (P = 0.02) for cows fed LS and HS (by 0.6 and 0.8, respectively) compared to cows fed 
NS. Supplementation to mature cows in late gestation has previously resulted in increased cow 
BW (Stalker et al., 2006; Winterholler et al., 2012) and increased BCS (Stalker et al., 2006; 
Warner et al., 2011; Winterholler et al., 2012). Similar results have been observed in other 
studies, where level of supplementation increased cow BW for the highest 2 supplementation 
levels compared to the lower 2 supplementation levels (Hughes et al., 1978b).  
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 Birth weight did not differ (P = 0.84) among supplementation levels. Results in the 
literature are mixed on the effect of supplementation on birth weight. Supplemented cows have 
been observed to have calves with increased birth weights when compared to cows on a 
restricted level of nutrition during gestation (Corah et al., 1975; Hughes et al., 1978); however, 
others have reported no effect of supplementation on birth weight (Stalker et al., 2006; Warner et 
al., 2011).  Level of supplementation has also shown mixed results on birth weight. Hughes et al. 
(1978) observed decreased (P < 0.05) birth weights in calves from cows fed the “Very High” 
amount of supplement (cows that had access to a 50% concentrate supplement in a self-feeder) 
compared to calves from cows fed Low and Moderate amounts of supplement (cows 
supplemented with cottonseed meal to gain 0 kg/d and 0.23 kg/d, respectively) in 1 of 9 calf 
crops and speculated that the obese fetal environment restricted the growth of the fetus but did 
not elaborate as to why this was only observed in 1 out of 9 yrs. However, others have reported 
no effect of level of supplementation on birth weight when comparing non-obese to obese cows 
(Arnett et al., 1971) and non-obese to obese sheep (Long et al., 2010). 
 Percent of cows not requiring assistance at parturition and percent of calves that were 
dead on arrival were not impacted (P > 0.60) by level of supplementation. Calving difficulty, 
such as an increased need for parturition assistance (Arnett et al., 1971) and increased percent of 
calves born dead (Hughes et al., 1978), was observed when heifers were fed to become obese 
(Arnett et al., 1971) and had free choice access to 50% concentrate (Hughes et al., 1978). But the 
calving ease difficulties were not a problem as the same cows matured. These data suggest that 
susceptibility to calving difficulty is increased for heifers compared to mature cows when 
supplementation level is high. 
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 Post-calving BW was greater (P < 0.01) for HS cows by 68 kg and 56 kg when compared 
to NS and LS, respectively. Post-calving BCS was greatest (P < 0.01) for cows fed HS and least 
for cows fed NS (5.8, 6.1, and 6.8 for NS, LS, and HS, respectively). These findings are 
supported by other studies that indicate prepartum supplementation increased postpartum BW 
(Arnett et al., 1971; Bohnert et al., 2013) and postpartum BCS (Stalker et al., 2006; Bohnert et 
al., 2013).  
 Percent of cows cycling was not impacted (P = 1.00) by supplementation level. This 
observation is supported by findings from Winterholler et al. (2012) and Warner et al. (2011) 
where supplementation of varying amounts of DDGS (at or below 2.31 kg/hd; 3-4 times weekly) 
did not affect percent cycling. Milk production was not affected (P = 0.75) by supplementation. 
Previous works have indicated that milk production can be reduced when cows are nutritionally 
restricted (50% of maintenance requirements; Corah et al., 1975) or when they are obese (Arnett 
et al., 1971). Increased udder fat was noted in the udders of obese cows at 72 mo of age, 3 mo 
after bearing their first calf. Arnett et al. (1971), speculated that obesity was most detrimental to 
milk production when induced during the development phase of young females because the 
differences did not occur when the study was repeated with mature beef cows (Arnett et al., 
1971). 
Cow performance, post-breeding 
 Results for post-breeding cow performance are found in Table 2.4. Post-breeding cow 
BW and BCS were greater (P < 0.01) for HS cows compared to NS and LS cows by 53 kg and 
45 kg and 0.7 and 0.6 BCS units, respectively. This conflicts with other work (Winterholler et 
al., 2012) where differences were observed in cow BW and BCS pre-breeding but disappeared 
by after breeding. This is likely due to the variation in d post-breeding when this measurement 
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was collected. The data in this study were collected at 81 ± 11 d post-AI whereas Winterholler et 
al. (2012) collected post-breeding BW and BCS at 120+ d beyond breeding. It is possible that 
differences observed in this study would have been diminished by 120 d post-breeding. Post-
breeding cow BW and BCS was also impacted (P < 0.01) by age of weaning; cows with EW 
calves surpassed cows with NW calves by 25 kg and 0.4 BCS units. These findings are 
consistent with other reports in the literature (Neville and McCormick, 1981; Myers et al., 
1999a; Merrill et al., 2008).  
 Prepartum supplementation tended (P = 0.09) to improve AI conception (NS = 53.2%; 
LS = 59.2%; HS = 68.8%). Previous work indicates mixed effects of prepartum supplementation 
on luteal activity, AI conception, and overall pregnancy. Younger females appear to be more 
sensitive to plane of nutrition. Cows supplemented at moderate levels (to gain 0.23 kg/d) had 
poorer conception rates than cows supplemented at higher levels (to gain 0.45 kg/d or with full 
access to a 50% concentrate supplement in a self-feeder) earlier in life, but this difference 
disappeared in calf crops 4-9 (Hughes et al., 1978). However in another study, obesity in young 
cows resulted in no differences in overall conception, although numerically, more services to 
conception were required when compared to non-obese young cows (Arnett et al., 1971). It is 
possible that the increased amount of fat available in the supplement (from the DDGS) to cows 
fed LS and HS boosted AI conception. A review by Hess et al. (2005) concluded that prepartum 
fat supplementation in the last 60 d before calving can improve conception by 6% in herds with 
conception rates of 90% or less. However, other studies found no effect of prepartum DDGS 
supplementation on AI conception (Winterholler et al., 2012) or overall pregnancy rate (Warner 
et al., 2011; Winterholler et al., 2012).  
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 Conception rate after AI was increased (P = 0.05) by about 12 percentage units for EW 
cows compared to NW cows. A supplement level × wean interaction existed (P = 0.03) for 
overall pregnancy (Figure 2.2). For cows fed HS, EW improved (P = 0.02) overall pregnancy; 
however, weaning age did not affect (P ≥ 0.10) overall pregnancy for cows fed NS and LS. 
These findings are supported by Lusby et al. (1981) and Myers et al. (1999b) who found 
improved overall pregnancy rates in cows with calves removed at, or before, the breeding 
season. These findings are likely due to the removal of the stress of lactation from the cow and 
repartitioning of nutrients towards body stores and reproduction (Thrift and Thrift, 2004). 
Calf performance up to NW 
Calf performance data are reported in Table 2.5. Steer BW at time of early weaning was 
greater (P = 0.02) for steers from cows fed LS than steers from cows fed NS. The reason for the 
observation is not clear because there were no prior differences in birth weight or differences in 
milk production. Steer BW at time of normal weaning, ADG between early weaning and normal 
weaning, DMI, and feed efficiency of EW steers were not impacted (P ≥ 0.25) by supplement 
level of dam. These findings agree with previous work indicating that prepartum 
supplementation in late gestation does not impact weaning weight of calves weaned at a 
conventional weaning age of approximately 200 d of age (Arnett et al., 1971; Marston et al., 
1995; Warner et al., 2011). However, others have found increased weaning weights of calves 
from supplemented cows (Stalker et al., 2006; Larson et al., 2009) when weaning weights were 
measured at approximately 200 d of age. 
 Steer BW at time of early weaning did not differ (P = 0.47) by age of weaning, which is 
expected because, up to that point, all calves had been treated the same.  Steer BW at time of 
normal weaning and ADG between early weaning and normal weaning was greater (P < 0.01) 
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for EW steers when compared to NW steers (60 kg and 0.57 kg/d, respectively). This finding 
agrees with other studies that compare early weaning to normal weaning (Neville and 
McCormick, 1981; Myers et al., 1999a; Shike et al., 2007).  
At the time of early weaning and normal weaning, backfat and marbling were not 
impacted (P > 0.42) by dam supplement level. The EW and NW steers were similar (P > 0.57) in 
backfat and marbling at time of early weaning, which is expected because all steers had been 
treated the same. A yr × wean interaction (P < 0.01) existed for backfat and marbling 
measurements at time of normal weaning. Backfat was greater (P < 0.01) for EW steers in both 
yr although the magnitude of difference was greater in yr 2. In yr 1, marbling was decreased (P = 
0.04) for EW steers compared to NW steers; however, in yr 2, marbling was increased (P < 0.01) 
for EW steers compared to NW steers. These yr 2 results are supported by other studies who 
observed increased fat depth (Schoonmaker et al., 2004; Schlickau et al., 2005) and 
intramuscular fat (Schlickau et al., 2005) via ultrasound in early-weaned steers fed a high 
concentrate diet compared to normal-weaned steers during the growing phase. We cannot fully 
explain the results for marbling in yr 1. The result may be partially explained by the trend (P = 
0.06) for a yr × wean interaction in marbling at time of early weaning. In yr 1, at time of early 
weaning, marbling scores were 398 for EW steers compared to 407 in NW steers. The pre-
existing difference in marbling may have carried through to time of normal wean.  
 
Conclusions and Implications 
Level of prepartum supplementation increased pre-calving, post-calving, and post-
breeding BW and BCS with no impacts on calf birth weight or calving ease. Increasing 
prepartum supplementation tended to improve AI conception. However, reducing prepartum 
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supplement level increased steer BW at early wean compared to steers from NS cows. Early-
weaning resulted in improved post-breeding cow BW and BCS, AI conception rate, steer growth, 
and steer backfat. The EW steers had decreased ultrasound marbling at time of normal weaning 
in yr 1, but increased ultrasound marbling in yr 2 compared to NW steers. Early weaning 
improved overall pregnancy in cows fed HS but did not affect overall pregnancy rate in cows fed 
NS or LS. 
These data suggest that prepartum supplementation and early weaning are viable 
management strategies to improve cow BW, BCS, and reproduction. Although feeding more 
supplement increased BW and BCS, it did not negatively affect calving ease, milk production, or 
reproduction. Minimal effects of dam prepartum supplement level on calf performance up to 
weaning were observed. Early-weaning improved calf growth, but had inconsistent effects on 
ultrasound marbling across years.  
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Tables 
 
Table 2.1. Composition (DM basis) of supplement fed to cows in yr 1 and yr 2 
 Inclusion, % DM 
Item yr 1
1,2 
yr 2
1 
Ingredient, %   
   DDGS
 
70 70 
   Soybean hulls
 
30 30 
Analyzed nutrient content, %   
   CP 20.6 19.7 
   Crude fat 7.4 5.5 
1 
Ad libitum access to block mineral: Salt = 21.4%, Ca = 16.9%, Na = 8.5%, P = 7.1%, Mg =        
  5.9%, K = 1.1%, Cu = 997 ppm, Se = 25.9 ppm, vitamin A = 109 kIU/kg, Chlortetracycline =   
  5.2 kg/ton. 
2
 Analysis of DDGS provided by ADM (Decatur, IL); published values used for soy hulls  
  (NRC, 1996). 
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Table 2.2. Composition of diet (DM basis) fed to EW steers upon arrival to feedlot and prior to 
normal weaning
1
 
 Inclusion, % DM 
Item yr 1 yr 2 
Ingredient, %   
   MWDGS
2 
45 25 
   Dry Whole Corn 25 -- 
   High Moisture Corn -- 50 
   Corn Husklage 20 20 
   Ground corn 7.30 3.65 
   Limestone 2.50 1.25 
   Trace mineral salt
3 
0.10 0.05 
   Rumensin 90
4 
0.018 0.009 
   Tylosin 40
5 
0.012 0.006 
   Soybean oil
 
0.076 0.038 
Analyzed nutrient content, %   
   CP 17.3 13.8 
   NDF 23.9 17.5 
   ADF 14.1 9.8 
   Crude fat 5.3 5.0 
1
 Age of weaning: EW = 78 ± 11 d of age; NW = 186 ± 11 d of age. 
2 
MWDGS = Modified Wet Distillers Grains with Solubles. 
3
 Trace Mineral Salt = 8.5% Ca (as CaCO3), 5% Mg (as MgO and MgSO4), 7.6% K (as KCl2), 6.7% Cl (as   
   KCl2) 10% S (as S8, prilled), 0.5% Cu (as CuSO4 and Availa-4 (Zinpro Performance Minerals; Zinpro Corp,   
   Eden Prairie, MN)), 2% Fe (as FeSO4), 3% Mn (as MnSO4 and Availa-4), 3% Zn (as ZnSO4 and Availa-4),  
   278 ppm Co (as Availa-4), 250 ppm I (as Ca(IO3)2), 150 Se (Na2SeO3), 2,205 KIU/kg Vit A (as retinyl  
   acetate), 662.5 KIU/kg Vit D (as cholecalciferol), 22,047.5 IU/kg Vit E (as DL-α-tocopheryl acetate), and less  
   than 1% CP, fat, crude fiber, salt. 
4
 Rumensin 90 (198 g monensin/kg Rumensin 90; Elanco Animal Health, Greenfield, IN).  
5
 Tylosin 40 (88 g tylan/kg Tylosin 40; Elanco Animal Health, Greenfield, IN). 
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Table 2.3. Effect of prepartum supplement level on pre-breeding cow performance 
 Supplement
1 
 P-value
2
 
Item NS LS HS SE
3 
S S × yr 
Initial BW
4
, kg
 
616 623 619 3.5 0.40 0.41 
Initial BCS
4 
5.7 5.8 5.9 0.06 0.06 0.09 
Pre-calving BW
5
, kg
 
652
a 
665
a 
680
b 
4.9 < 0.01 0.99 
Pre-calving BCS
5 
6.0
a 
6.6
b 
6.8
b 
0.18 0.02 0.42 
Unassisted calving, % 97.4 99.0 97.3 0.05
 
0.60 0.38 
Calves DOA
6
, % 1.5 0.5 0.7 0.05
 
0.72 0.42 
Birth Weight, kg 36 36 35 0.80 0.84 0.67 
Post-calving BW
7
, kg
 
604
a 
616
a 
672
b 
6.3 < 0.01 0.17 
Post-calving BCS
7 
5.8
a 
6.1
b 
6.8
c 
0.09 < 0.01 0.57 
Estrous cyclicity
8
, %
 
99.6 99.7 99.6 0.04
 
1.00 0.95 
Milk production
9
, kg
 
6.1 6.0 5.7 0.39 0.75 1.00 
a-c 
Means within a row with different superscripts differ (P ≤ 0.05). 
1
 Supplement level: NS = no supplement; LS = low supplement, 2.16 kg/hd∙d-1; HS = high supplement, 8.61 kg/hd∙d-
1
. 
2
 yr (P ≤ 0.03) for Initial BW, Pre-calving BW, Post-calving BW, and Post-calving BCS; S = supplement level  
3 
SE for Unassisted calving (%), Calves DOA (%), and Estrous cyclicity (%) are in transformed units. 
4
 Date of supplementation initiation = 103 ± 11 d prepartum.  
5 
49 ± 11 d prepartum. 
6 
DOA = dead on arrival. 
7
 26 ± 11 d postpartum. 
8 
57 ± 11 d and 68 ± 11 d postpartum. 
9 
24 hr; 68 ± 11 d postpartum.
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Table 2.4. Effect of prepartum supplement level and age of weaning on post-breeding cow 
performance 
 
Supplement
1  
Wean
2 
 P – value3 
Item NS LS HS SE
4 
EW NW SE
4 
S W 
BW
5
, kg 554
a
 562
a
 607
b
 5.0 587
x
 562
y
 4.0 <0.01 <0.01 
BCS
5
 5.0
a
 5.1
a
 5.7
b
 0.09 5.5
x 
5.1
y 
0.07 <0.01 <0.01 
AI conception rate
6
, % 53 59 69 0.05 66.2
x 
54.7
y 
0.04 0.09 0.05 
a-b 
Means associated with main effect of supplement level with different superscripts differ (P ≤ 0.05). 
x-y 
Means associated with age of weaning with different superscripts differ (P ≤ 0.05). 
1
 Supplement level: NS = no supplement; LS = low supplement, 2.16 kg/hd∙d-1; HS = high supplement, 8.61 kg/hd∙d-1. 
2 
Age of weaning:
 
EW = 78 ± 11 d of age; NW = 186 ± 11 d of age. 
3
 yr significant for BW and BCS (P < 0.01); S = supplement level, W = age of weaning; yr × S, yr × W, S × W, and yr ×  
  S × W not significant for any variables (P ≥ 0.11). 
4 
SE for AI conception are in transformed units. 
5
 81 ± 11 d post-AI.  
6 
Cows pregnant (%) after 1 timed AI. 
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Table 2.5. Effect of dam prepartum supplement level and age of weaning on calf performance  
 Supplement
1 
 Wean
2 
 P – Value3 
Item NS LS HS SE EW NW SE S W yr × W 
Steer BW at EW, kg 101
a 
108
b 
105
ab 
1.8 104 106 1.5 0.05 0.47 0.51 
Steer BW at NW, kg 210 212 217 4.2 243
x 
183
y 
3.4 0.53 < 0.01 0.42 
Steer ADG, kg 1.01 0.96 1.04 0.03 1.29
x 
0.72
y 
0.02 0.15 < 0.01 0.36 
Steer DMI
4
, kg/d 4.0 4.2 4.1 0.13 -- -- -- 0.47 -- -- 
Steer G:F
5 
0.33 0.30 0.33 0.012 -- -- -- 0.25 -- -- 
Ultrasound at EW
 
          
   BF, cm
 
0.32 0.32 0.32 0.004 0.32 0.32 0.003 0.52 0.57 0.28 
   Marbling
6 
423 425 417 4.8 423 420 3.9 0.47 0.66 0.06 
Ultrasound at NW
 
          
   BF, cm 0.35 0.35 0.35 0.006   0.007 0.97 < 0.01 < 0.01 
       yr 1     0.34
x 
0.32
y 
    
       yr 2     0.41
x 
0.31
y 
    
   Marbling
6 
400 409 405 9.0   10.4 0.77 0.04 < 0.01 
       yr 1     374
x 
406
y 
    
       yr 2     458
x 
381
y 
    
a-b; x-y
 Means within a row with different superscripts differ (P ≤ 0.05). 
1
 Supplement level: NS = no supplement; LS = low supplement, 2.16 kg/ (hd∙d-1); HS = high supplement, 8.61 kg/  
  (hd∙d-1). 
2
 Age of weaning: EW = 78 ± 11 d of age; NW = 186 ± 11 d of age. 
3
 P ≤ 0.02 for yr in all variables; S = supplement level; W = age of weaning; S × yr, S × W, S × W × yr not significant (P > 0.35). 
4 
Dry matter intake of EW steers from 78 ± 11 d of age through 186 ± 11 d of age. 
5 
Feed efficiency of EW steers from 78 ± 11 d of age through 186 ± 11 d of age. 
6 
400 = small; 500 = modest. 
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     Figures 
 
 
  
 Figure 2.1. Experimental Timeline.  
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Figure 2.2. Effect of dam prepartum supplement level and age of weaning on 
overall pregnancy. Obtained from cows supplemented at 1 of 3 levels: NS = no 
supplement, LS = low supplement, 2.16 kg / (hd∙d-1), HS = high supplement, 
8.61 kg / (hd∙d-1) and weaned at 1 of 2 ages: EW (■) = early wean, 78 ± 11 d of 
age; NW (■) = normal wean, 186 ± 11 d of age. A supplement level × age of 
weaning interaction existed (P = 0.03). Only within cows fed HS, did calf age at 
weaning have an effect (P = 0.02) on overall pregnancy. 
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CHAPTER 3 
PREPARTUM SUPPLEMENT LEVEL AND AGE OF WEANING: II. EFFECTS OF 
DEVELOPMENTAL PROGRAMMING ON PERFORMANCE AND CARCASS 
COMPOSITION OF STEER PROGENY 
Abstract 
Objectives were to determine the effects of prepartum cow supplement level and age of 
weaning on growth performance, feed efficiency, glucose and insulin concentrations, and carcass 
characteristics of steers (yr 1, n = 134; yr 2, n = 147). Mature multiparous Angus × Simmental 
cows were used in a split-plot design that included 3 supplement levels (supplement = 70% dried 
distiller’s grains plus solubles (DDGS) and 30% soybean hulls; fed 103 ± 11 d prepartum to 2 ± 
11 d postpartum): no supplement (NS), 2.16 kg/d∙hd-1 (LS), 8.61 kg/d∙hd-1 (HS) and 2 ages of 
weaning: early at 78 ± 11 d of age (EW); normal at 186 ± 11 d of age (NW). Dam prepartum 
supplement level did not affect (P ≥ 0.15) growth performance, respiratory health, or carcass 
traits with the exception of percentage grading Average Choice or greater. A greater (P = 0.03) 
percentage of steers from cows fed HS graded Average Choice or greater when compared to 
steers from cows fed NS.  Early weaning increased (P < 0.01) initial BW and final BW and 
reduced (P < 0.01) G:F compared to normal weaning. A yr × wean interaction (P = 0.02) 
occurred for ADG; early weaning resulted in reduced (P < 0.01) ADG compared to normal 
weaning in yr 2. Although EW steers were younger (P < 0.01) at harvest, they had greater (P ≤ 
0.02) HCW, yield grade, backfat, and marbling scores compared to NW steers. A yr × wean 
interaction (P ≤ 0.04) occurred for quality grade distribution; carcasses from EW steers had 
increased (P < 0.01) proportions grading Low Choice or greater and grading Average Choice or 
greater than carcasses from NW in yr 2. The EW steers had greater (P ≤ 0.04) occurrence of 
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single medical treatments and death due to respiratory disease than NW steers. A yr × wean 
interaction (P = 0.03) occurred for insulin concentration and insulin:glucose; EW steers had 
greater (P < 0.01) insulin concentrations and insulin:glucose than NW steers in yr 1. These data 
suggest overfeeding supplement to the dam did not affect feedlot performance but did improve 
steer quality grades. Although EW steers had increased respiratory illness, they were younger at 
harvest and had greater HCW and marbling scores compared to NW steers. The absence of 
supplement level × wean interactions indicates that these effects may have an additive effect on 
developmental programming. 
 
Introduction 
The concept of fetal programming was recognized in the 20
th
 century by David J. Barker 
who suggested the fetal environment influences subsequent adult heath (Barker, 1990). Human 
health reports indicate that obesity in pregnant mothers is linked to obesity and insulin resistance 
in progeny (Mingrone et al., 2008). In animals, restricted fetal growth caused by inappropriate 
maternal nutrition can impact growth, feed efficiency, and body composition of progeny (Wu et 
al., 2006). In beef cattle, dams supplemented to obesity bore calves with reduced birth weights 
and reduced weaning weights (Hughes et al., 1978) and produced less milk (Arnett et al., 1971). 
Furthermore, progeny from obese ewes were fatter and circulated increased levels of insulin 
compared to progeny from non-obese ewes (Long et al., 2010). The effect of overfeeding dams 
on progeny is relatively limited to performance data up to weaning. Less is known regarding 
post-weaning performance, metabolism, and carcass traits.  
Post-natal management strategies, such as age of weaning, also impact growth and body 
composition of calves. Early-weaned calves fed a concentrate diet tend to have greater BW at 
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time of normal weaning and improved marbling scores compared to normal-weaned calves 
(Thrift and Thrift, 2004), likely because of increased nutrition to support adipogenesis (Du et al., 
2013). 
We hypothesized that gestational supplement level and age of weaning would impact 
post-weaning performance of progeny, plasma glucose and insulin concentrations, and carcass 
characteristics. Therefore, our objectives of this experiment were to determine the effects of 
maternal level of supplementation and age of weaning on growth performance, feed efficiency, 
glucose and insulin concentrations, and carcass characteristics of the male offspring.  
 
Materials and Methods 
The Institutional Animal Care and Use Committee of the University of Illinois approved the 
procedures used in this experiment. 
Animals, Experimental Design, and Treatments 
Mature multiparous Angus × Simmental cows (yr 1, n = 326; yr 2, n = 383) were used in 
split-plot design that included 3 supplement levels (supplement = 70% dried distiller’s grains 
plus solubles and 30% soybean hulls (Table 3.1); fed 103 ± 11 d prepartum to 2 ± 11 d 
postpartum): no supplement (NS), 2.16 kg/d∙hd-1 (LS), or 8.61 kg/d∙hd-1 (HS) and 2 ages of 
weaning: early at 78 ± 11 d of age (EW) or normal at 186 ± 11 d of age (NW). The steer 
progeny were used to evaluate the effects of maternal level of supplementation and age of 
weaning on growth performance, feed efficiency, glucose and insulin concentrations, and carcass 
characteristics.  
 Each yr, cows were assigned to 1 of 9 groups (yr 1, n = 326; yr 2, n = 383) and each 
group was assigned 1 of 3 supplement levels (NS: n = 108 and 128; LS: n = 109 and 126, or HS: 
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n = 109 and 129 for yr 1 and yr 2, respectively), with 3 replications per level. Within group, 1 of 
2 weaning ages were evenly assigned to cows with steer progeny (EW or NW). For both yr, 
cows were fed and managed at the Dixon Springs Agricultural Research Center in southern IL. 
In yr 1 and yr 2, only multiparous, pregnant cows bred to produce an Angus × Simmental calf 
were included. A subset of cows (n = 206) used in yr 1 were used again in yr 2 (NS, n = 64; LS, 
n = 72; HS, n = 70). These cows were evenly distributed to new supplement levels based on the 
supplement level of the previous yr. Cows were removed (NS, n = 46; LS, n = 54; HS, n = 51) 
from the experiment for reasons unrelated (P ≥ 0.40) to supplement level. Three additional cows 
were removed after time of early weaning (LS/EW, n = 2; HS/NW, n = 1) for reasons unrelated 
(P ≥ 0.33) to supplement level or age of weaning.  
Supplementation was initiated at 103 ± 11 d prepartum while cows were grazing 
endophyte-infected tall fescue/red clover pastures. Supplementation was halted at the midpoint 
of calving (2 ± 11 d postpartum) and cows were consolidated into 3 pastures, each containing 1 
NS, 1 LS, and 1 HS cow group. Following consolidation, all cows received 2.14 kg of DDGS + 
Co-Product Balancer (Purina Animal Nutrition®, Saint Paul, MN: 700 g/ton Monensin, 25% 
crude protein, 2% crude fat, 8% crude fiber, 13% Ca, 3.5% NaCl, 0.1% K, and 24,000 IU/lb. 
Vitamin A) daily. Half of the steer calves were weaned at 78 ± 11 d of age (EW) and the 
remaining progeny were returned to the cow and weaned at 186 ± 11 d of age (NW).  Body 
weights were collected on all progeny at both time points. 
Steer management 
 At the time of early weaning, half of the steer progeny (yr 1, n = 68; yr 2, n= 74) were 
transported to the University of IL Beef & Sheep Field Laboratory (Urbana, IL), penned by dam 
group, and adapted to an ad libitum grain-based diet (Table 3.2) over a 28 d transition period. 
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Steers weaned early in yr 1 included 27 steers from cows fed NS, 22 steers from cows fed LS, 
and 19 steers from cows fed HS. Steers weaned early in yr 2 included 22 steers from cows fed 
NS, 23 steers from cows fed LS, and 29 steers from cows fed HS. At time of normal weaning, 
the remaining half of the steer progeny (yr 1, n = 66; yr 2, n = 73) were transported to the 
University of IL Beef & Sheep Field Laboratory (Urbana, IL). Normal-weaned steers in yr 1 
included 26 steers from cows fed NS, 22 steers from cows fed LS, and 18 steers from cows fed 
HS. Normal-weaned steers in yr 2 included 18 steers from cows fed NS, 26 steers from cows fed 
LS, and 29 steers from cows fed HS. 
In yr 1, all steers were vaccinated 3 wk prior to and at early weaning with Bovishield
®
 
Gold FP5 VL5 HB (Pfizer, Exton, PA), One Shot Ultra
®
 7 (Pfizer, Exton, PA), and Pulmo-
Guard
®
 MpB (Boehringer Ingelheim Pharmaceuticals Inc., Ridgefield, CT). The following 
additional products were used at early weaning- Eprinex
®
 (Merial, Duluth, GA), Micotil
®
 
(Elanco, Greenfield, IN), Inforce 2
®
 (Pfizer, Exton, PA). During the first wk after arrival, EW 
steers also received oxytetracycline in their water.  Vaccine boosters were given to all steers at 
normal weaning. 
In yr 2, all steers were vaccinated 3 wk prior to and at early weaning with Bovishield
®
 
Gold FP5 VL5 HB (Pfizer, Exton, PA), One Shot Ultra
®
 7 (Pfizer, Exton, PA), and Pulmo-
Guard
®
 MpB (Boehringer Ingelheim Pharmaceuticals Inc., Ridgefield, CT). Upon arrival to the 
feedlot, EW steers were treated with Pulmotil
®
 (Elanco, Greenfield, IN) for 14 d. Vaccine 
boosters were given to all steers at normal weaning. All steers were re-vaccinated with 
Bovishield
®
 Gold FP5 VL5 HB (Pfizer, Exton, PA) and Pulmo-Guard
®
 MpB (Boehringer 
Ingelheim Pharmaceuticals Inc., Ridgefield, CT) mid-way through the finishing phase (300 d 
postpartum).  
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At time of normal weaning, NW steers were adapted to the same diet as the EW steers 
(Table 3.2) over 28 d. After the 28 d adaptation, steers were co-mingled with EW steers and all 
steers were implanted with Component
®
 TE-IS (80 mg trenbolone acetate and 16 mg estradiol; 
Elanco, Greenfield, IN) followed by Compudose
®
 200 (25.7 mg estradiol; Elanco, Greenfield, 
IN) 70 d later. Cattle were housed in the same barn which was sided on 3 sides and covered with 
mesh bird screen on the south side. Cattle were contained in 6 pens (16.3 m × 4.88 m) with 
slatted concrete floors covered by interlocking rubber matting. 
Performance data collection 
Initial finishing phase BW was determined by averaging a 2 d consecutive weight 
following the transition period of the NW steers. Individual feed intake was collected using the 
GrowSafe automated feeding system (Model 4000E, GrowSafe Systems Ltd., 86 Airdrie, 
Alberta, Canada) during the finishing period, which began at the conclusion of the 28 d 
adaptation period of the NW steers (214 ± 11 d of age) and continued through slaughter. 
Incidence of morbidity and mortality throughout the finishing phase was recorded by animal care 
staff.  
Backfat was measured, via ultrasound, every 28 d beginning at 323 ± 10 d of age (yr 1) 
and 328 ± 12 d of age (yr 2). Ultrasound measurements were collected by a trained technician 
utilizing an Aloka 500SV (Wallingford, CT) B-110 mode instrument equipped with a 3.5-MHz 
general purpose transducer array. Images were analyzed using CPEC imaging software (Cattle 
Performance Enhancement Company LLC., Oakley, KS). Ultrasound images were collected on 
the right side of the animal, perpendicular to the 12
th
 rib, and soybean oil was used as a sound 
wave copulant. Cattle were designated to ship 7 to 22 d following a minimal backfat 
measurement of 0.9 cm. In yr 1, cattle were shipped in 4 groups over 4 mo, 1 group / mo, (group 
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1, n = 9; group 2, n = 54; group 3, n = 35; group 4, n = 31). In yr 2, cattle were shipped in 3 
groups over 3 mo, 1 group per mo, (group 1, n = 80; group 2, n = 27 hd; group 3, n = 31). Final 
BW was calculated from HCW using a 62% dressing percentage. Two steers (yr 1: NS/NW, n = 
1; LS/NW, n = 1) were excluded in post-weaning performance due to poor performance. 
Carcass data collection 
Steers were transported 296.1 km to a commercial harvesting facility (Tyson Fresh 
Meats, Joslin, IL). Immediately post-harvest, trained university personnel collected HCW and 
carcasses were chilled at -4
o
C for 24 h. Carcass measurements including LM area, BF, marbling 
score, and percent kidney, pelvic, and heart fat (KPH) were collected using the USDA camera 
system with Video Image Analysis (VIA) and provided by Tyson Fresh Meats (Joslin, IL). The 
equation: [2.5 + (2.5 × in. of BF) + (.2 × % KPH) + (0.0038 × lbs of HCW) – (0.32 × LM area 
in
2
)] was used to calculate yield grade (Taylor, 1994). 
Blood collection and analysis 
At the end of the finishing phase, 72 steers (n = 6 in each yr × supplement × wean 
combination) were prevented access to feed for 18 hr. Following the 18 hr fast, steers were 
offered feed in concrete bunks and allowed to eat for 45 min. Blood was collected from the 
jugular vein into EDTA coated vacutainers at 90, 120, 150, and 240 min after feed exposure and 
stored in ice water for no longer than 30 min before being centrifuged at 3,147 × g for 10 min at 
10
o
C. Plasma was aliquoted into two 1.5-mL tubes and frozen and stored at -80
o
C until analysis 
for glucose and insulin concentrations.  
Plasma glucose concentrations were analyzed using a Glucose LiquiColor
®
 Procedure 
#1070 (Stanbio Laboratory, Boerne TX) with modifications for a 96-well plate. A 1,000 mg/dL 
glucose stock solution was diluted with distilled water to make standards of 40, 80, 120, 160, and 
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200 mg/dL glucose. A volume of 7.5 µL of distilled water (blank), standard, control, or sample 
along with 250 µL of the kit reagent were added to each well. Plates were shaken at 200 rpm for 
30 seconds on a platform shaker, incubated at 37
o
C for 5 min, and measured for absorbance at 
500 nm using a plate reader (Synergy HT, BioTek, Winooski, VT). Results were deemed 
acceptable if the coefficient of variation within duplicates was at or below 5%. 
Plasma insulin concentrations were analyzed using the Bovine Insulin ELISA
®
 
(Mercodia, Inc., Winston Salem, NC) and ran with the provided standards and instructions. 
Plates were measured for absorbance at 450 nm using a plate reader (Synergy HT, BioTek, 
Winooski, VT). Results were deemed acceptable if the coefficient of variation within duplicates 
was at or below 5%. All samples were run within 7 d and 1 pooled-sample control was used 
throughout. The interassay CV was 7%. 
Feed sampling and analysis 
Nutrient composition of the DDGS/soybean hulls supplement in yr 1 was calculated 
using the DDGS load analysis provided by ADM (Decatur, IL) and published values for soybean 
hulls (NRC, 1996). In yr 2, samples of the supplement were collected twice over the 
supplementation period, at supplementation initiation and halfway through supplementation, and 
composited. Feed ingredients in the feedlot diet (Table 3.2) were collected every 28 d and 
composited over the course of the period between time of early and normal weaning and the 
finishing phase. For the steer diets, ingredients were individually analyzed for nutrient 
composition and then used to formulate diet nutrient composition. Composited feed samples of 
the cow supplement and feedlot diet ingredients were dried at 55
o
C for 3 d and then ground using 
a Wiley mill (1-mm screen, Arthur H. Thomas, Philadelphia, PA). Cow supplement samples 
were analyzed for CP (Leco TruMac, LECO Corporation, St. Joseph, MI) and fat (ether extract 
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method; Ankom Technology). Ground ingredients of feedlot diet were analyzed for ADF and 
NDF (using Ankom Technology method 5 and 6, respectively; Ankom
200
 Fiber Analyzer, 
Ankom Technology, Macedon, NY), CP (Leco TruMac, LECO Corporation, St. Joseph, MI), fat 
(method 2; Ankom Technology), and total ash (600° C for 2 h, Thermolyne muffle oven model: 
F30420C, Thermo Scientific, Waltham, MA).   
Statistical analysis 
 In all analyses, steer was the experimental unit and the PDIFF statement was used to 
separate means at significance of (P ≤ 0.05) and trends at (P = 0.06 – 0.10). Steer data composed 
of continuous variables (feedlot performance, DMI, ADG, and all carcass characteristics except 
quality grade) were analyzed in PROC MIXED with yr, supplement level, wean, and all 
interactions included as fixed effects.  
Binomial data, including quality grades and health data were analyzed in PROC 
GLIMMIX and yr, supplement level, and wean were included as fixed effects. All interactions 
between yr, supplement level, and wean were considered in the model and removed when the -2 
Log Likelihood difference between the full and reduced models was less when compared to the 
Chi-square critical value. The model for health data included no interactions between yr, 
supplement level, or wean. The model for quality grades included all interactions but the 3-way 
interaction of yr, supplement level, and wean. 
Plasma glucose concentration, plasma insulin concentration, and insulin:glucose were 
analyzed using PROC MIXED and yr, wean, supplement level, time, and all interactions were 
included as fixed effects. The REPEATED statement was used to analyze the effect of animal 
within treatment combination on glucose concentration, insulin concentration, and 
insulin:glucose. The SLICE statement was used to make inferences on model effects within time. 
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When the SLICE model effect was significant (P ≤ 0.05), PDIFF was used to differentiate means 
within time. 
 
Results and Discussion 
Performance data during the finishing phase are reported in Table 3.3. No supplement 
level × age of weaning interactions were observed so main effects will be discussed. Finishing 
phase traits including initial BW, final BW, DMI, ADG, and G:F were not impacted (P > 0.30) 
by dam supplement level. Previous works have reported similar conclusions on final BW, DMI, 
ADG, and G:F regardless of dam supplementation (Stalker et al., 2006) and level of dam 
supplementation (normal vs obese) on progeny BW at maturity (Long et al., 2010). The EW 
steers were 60 kg heavier (P < 0.001) for initial finishing phase BW. Others have reported 
increased initial finishing phase BW of early-weaned steers compared to normal-weaned steers 
(Schoonmaker et al., 2004; Shike et al., 2007). Final BW was greater (P < 0.01) in EW steers 
than NW steers by 23 kg. Similar results have been reported by other authors comparing final 
BW of early- vs normal-weaned steers (Myers et al., 1999a; Shike et al., 2007). A significant (P 
= 0.02) yr × wean interaction occurred for ADG. In yr 1, EW and NW steers had similar (P = 
0.78) ADG; but, in yr 2, EW steers had reduced (P < 0.01) ADG compared to NW steers by 0.13 
kg/d. Results of both types have been reported in other literature. Story et al. (2000), Barker-
Neef et al. (2001), and Arthington et al. (2005) reported no difference (P > 0.05) in ADG 
throughout the finishing phase. Conversely, Schoonmaker et al. (2004) reported a reduced 
feedlot ADG of about 0.11 kg/d in steers weaned at 119 d of age and fed ad libitum concentrate 
compared to steers weaned at 204 d of age. Others report similar findings to Schoonmaker et al. 
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(2004) when comparing finishing-phase ADG of early- weaned to normal-weaned steers (Myers 
et al., 1999a; Shike et al., 2007).  
Dry matter intake during the finishing phase was not different (P = 0.16) between EW 
and NW steers and other work supports this finding (Myers et al., 1999b; Arthington et al., 
2005). Feed efficiency was improved (P < 0.01) for NW steers by about 0.10. Previous work by 
Williams et al. (1975) and Schoonmaker et al. (2004) found improved feed efficiency in normal-
weaned cattle. However, past results are not consistent, as others have found no difference in 
feed efficiency (Kubisch and Makarechian, 1987) or discovered a reduced feed efficiency in 
normal-weaned cattle (Myers et al., 1999a; Myers et al., 1999b) when comparing them to early-
weaned cattle. 
Results for carcass characteristics are found in Table 3.4. Dam prepartum supplement 
level did not affect (P ≥ 0.15) HCW, yield grade, LM area, backfat, % KPH, marbling score, 
percentage of steers grading Low Choice or greater, and age at harvest. A greater (P = 0.03) 
percentage of steers from HS cows graded Average Choice or greater when compared to steers 
from NS cows. These results are similar to those of Larson et al. (2009), who found progeny 
from supplemented cows had improved (P ≤ 0.04) quality grades compared to progeny from 
non-supplemented cows. However, previous work by Stalker et al. (2006) reported no 
differences (P > 0.13) in carcass traits of progeny when cows were or were not provided 
prepartum supplementation. Both Stalker et al. (2006) and Larson et al. (2009) supplemented 
0.45 kg/d to cows 3 d / wk. However, CP levels between the supplements used in each study 
varied from 42% CP (Stalker et al., 2006) and 28% CP (Larson et al., 2009). Larson et al. (2009) 
speculated that the reason that Stalker et al. (2006) did not find an effect of CP supplementation 
on quality grade may be due to the reduced undegradable intake protein (UIP) compared to the 
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amount of UIP used in their study (31% vs 48% UIP, respectively). Larson et al. (2009) 
proposed that the “increased UIP concentration may have changed AA supply and glucose 
production, affecting preadipocyte development and the propensity for developing intramuscular 
fat later in life.” The increased inclusion of UIP in our supplement due to the dominant inclusion 
of DDGS (70%) may be why our results more closely match Larson et al. (2009). 
The EW steers were 15 d younger (P < 0.01) at harvest than NW steers. Previous 
research comparing calf age at weaning supports this finding (Story et al., 2000; Schoonmaker et 
al., 2004; Shike et al., 2007). The EW steers had greater (P ≤ 0.02) HCW, yield grade, marbling 
score, backfat, and a trend (P = 0.06) for increased LM area when compared to NW steers. A yr 
× wean interaction (P ≤ 0.04) occurred for percentage of steers grading Low Choice or greater 
and Average Choice or greater. In yr 1, quality grade distributions were not different (P ≥ 0.81) 
between EW and NW steers; but, in yr 2, early weaning resulted in increased (P < 0.01) 
proportions of steers grading Low Choice or greater and Average Choice or greater. Previous 
studies have reported increased HCW (Myers et al., 1999a; Meyer et al., 2005; Shike et al., 
2007), yield grades (Myers et al., 1999a), and marbling scores (Myers et al., 1999a; Meyer et al., 
2005; Shike et al., 2007) when comparing early-weaned steers fed a high concentrate diet to 
conventionally-weaned steers. Few studies document greater fat depth at harvest for early-
weaned steers. This is because cattle were harvested at a target backfat (Myers et al., 1999a; 
Myers et al., 1999b; Barker-Neef et al., 2001; Schoonmaker et al., 2004; Shike et al., 2007). 
Despite using ultrasound to sort cattle into harvest groups, backfat still differed by age of 
weaning. Some reports include no effect of age of weaning on yield or quality measures (Myers 
et al., 1999b; Barker-Neef et al., 2001; Schoonmaker et al., 2004; Arthington et al., 2005). This 
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may partly be explained by the low-concentrate diet that early-weaned steers were provided in 
some of these studies.   
Results for morbidity and mortality of steers are found in Table 3.5. The EW steers had 
increased (P ≤ 0.04) occurrence of single treatments (20.3% vs 8.5%) and death (5.8% vs 0.7%) 
as well as a trend (P = 0.06) for increased occurrence of 2 or more treatments due to respiratory 
disease compared to NW steers. Increased occurrence of respiratory disease in early-weaned 
cattle has been observed by Richardson et al. (1978) and Makarechian and Kubisch (1988). 
Richardson et al. (1978) observed “serious respiratory disease outbreaks” in 2 yr of their 6 yr 
study for calves weaned at 120 d of age compared to calves weaned at 210 d of age. 
Makarechian and Kubisch (1988) found the occurrence of respiratory disease to be 5.3% greater 
(P < 0.01) and the length of treatment administration to be 1.8 d longer (P < 0.05) for calves 
weaned at 156 d of age compared to 192 d of age. Other studies report no increase in morbidity 
and mortality due to early weaning (Neville and McCormick, 1981; Myers et al., 1999a). Both 
Neville and McCormick (1981) and Myers et al. (1999a) kept their early-weaned calves on-site; 
which, according to (Hickey et al., 2003), can improve physiological indicators (stress hormones 
and immune function) associated with group disruption and weaning by allowing a period of 
adaptation before calves enter the feedlot. 
Results for glucose and insulin concentrations of steer progeny are found in Table 3.6. 
There was a trend (P = 0.08) for supplement level to affect glucose concentrations (NS = 88.9 
mg/dL, LS = 87.9 mg/dL, HS = 92.1 mg/dL). A supplement level × time interaction occurred (P 
< 0.01) for insulin concentration. Insulin concentration was greater (P = 0.01) at 240 min post-
feeding, but not at other time points, for steers from cows fed HS than steers from cows fed NS 
by 0.24 ng/mL. A supplement level × time interaction occurred (P = 0.03) for insulin:glucose. 
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There was a trend (P = 0.10) for differences at 120 min post-feeding, but the biological 
significance of these differences are minimal. Insulin:glucose was not affected (P = 0.19) by 
prepartum supplement level at 240 min post-feeding, indicating the increased response of insulin 
may have been caused by the trend for steers from cows fed HS to have slightly greater glucose 
concentration. 
Glucose concentrations did not differ (P = 0.23) between EW and NW steers. There was 
a yr × age of weaning interaction for insulin and insulin:glucose (Figures 3.1 and 3.2). In yr 1, 
EW steers had greater (P < 0.01) insulin concentration and insulin:glucose than NW steers. In yr 
2, insulin concentration and insulin:glucose between EW and NW steers did not differ (P ≥ 
0.42).  
There was also a time × age of weaning interaction (P = 0.04) for insulin:glucose. For all 
time points, insulin:glucose was greater (P ≤ 0.01) for EW steers than NW steers. In other words, 
more insulin per unit of glucose was circulating through EW steers than NW steers. The increase 
in insulin:glucose indicates that the EW steers are less insulin sensitive compared to NW steers. 
The insulin concentration and insulin:glucose trend (P = 0.06) of a yr × age of weaning × time 
interaction suggests that the differences were magnified in yr 1. We cannot explain the 
differences in insulin concentration and insulin:glucose between yr. We considered that the trend 
(P = 0.09) for a yr × age of weaning interaction for marbling score (yr 1, EW = 473 and NW = 
467; yr 2, EW = 462 and NW = 426) at slaughter may partly explain the inconsistent hormone 
results between yr. The increased insulin concentration and insulin:glucose occurred in yr 1, 
when marbling scores at slaughter were not different. This result opposes what was observed by 
Schoonmaker et al. (2003). In their study, early-weaned cattle fed a high concentrate diet ad 
libitum during the growing phase were fatter (P = 0.01), had increased (P = 0.07) marbling 
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scores, and had increased ( P < 0.10) insulin concentrations at the end of growing phase 
compared to cattle limit-fed high concentrate or fed a high-fiber diet (Schoonmaker et al., 2003). 
Next, we considered the management differences between the 2 yr. An increased amount 
of corn was used in yr 2 due to poor availability of MWDGS. As this was the only management 
difference between the 2 yr, it may explain some of the difference in insulin concentration and 
insulin:glucose between yr. Vasconcelos et al. (2009) evaluated the effect of feeding low corn 
and high corn diets, ad libitum, for 56 d on insulin sensitivity and performance during the 
growing phase. The low corn diet contained 10% greater CP compared to the high corn diet. A 
glucose tolerance test at the end of the growing phase indicated no difference (P ≥ 0.10) of diet 
on insulin response or insulin area under the curve (AUC): glucose AUC. The authors conclude 
that the response of insulin can vary with age, body composition, and the nutritional status of the 
animal (Vasconcelos et al., 2009). A direct comparison between Vasconcelos et al. (2009) and 
the results of this study would not be accurate because cattle were tested in different phases 
(growing vs finishing).  
 Little research has been done directly comparing the effects of age of weaning on insulin 
sensitivity. Radunz et al. (2012) conducted 2 glucose tolerance tests after 41 d and 111 d in the 
feedlot. Fasting insulin concentration, glucose AUC, insulin AUC, glucose clearance rate, initial 
insulin response, and ratio of insulin AUC: glucose AUC were all increased at 111 d compared 
to 41 d. This finding indicates reduced insulin sensitivity with increasing d on feed (Radunz et 
al., 2012). Depending on management, early weaning can result in more d on feed at a given age 
compared to normal weaning. This “days on feed” concept may partly explain our yr 1 results 
since the EW steers had been on feed 108 d longer than NW steers at the time of sample 
collection. However, as to why these differences were not repeated in yr 2, we cannot explain. 
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Conclusions and Implications 
Prepartum supplement level, to the point of overfeeding, resulted in no effects on growth 
performance but a 19.2 percentage unit increase of steers from cows fed HS compared to steers 
from cows fed NS grading Average Choice or greater. Early weaning resulted in increased 
incidence of respiratory disease, affected insulin response, greater HCW at a younger age, and 
increased marbling score. Insulin concentration and insulin:glucose were greater for EW steers 
compared to NW steers in 1 of 2 yrs. This may be due to a greater number of d on feed for EW 
steers compared to NW steers at time of sampling.  
We conclude that overfeeding supplement to the dam did not affect feedlot performance 
but did improve quality grades of steers; likely, through the mechanism of fetal programming. 
Early weaning did impact post-natal development of progeny in the feedlot and at harvest; 
comparable to other literature. Both strategies appear to play a role in developmental 
programming; pre-natal and post-natal.  
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Tables 
 
Table 3.1. Composition (DM basis) of supplement fed to cows in yr 1 and yr 2 
 Inclusion, % DM 
Item yr 1
1,2 
yr 2
1 
Ingredient, %   
   DDGS
 
70 70 
   Soybean hulls
 
30 30 
Analyzed nutrient content, %   
   CP 20.6 19.7 
   Crude fat 7.4 5.5 
1 
Ad libitum access to block mineral: Salt = 21.4%, Ca = 16.9%, Na = 8.5%, P = 7.1%, Mg =   
  5.9%, K = 1.1%, Cu = 997 ppm, Se = 25.9 ppm, vitamin A = 109 kIU/kg, Chlortetracycline =    
  5.2 kg/ton. 
2
 Analysis of DDGS provided by ADM (Decatur, IL); published values used for soy hulls  
  (NRC, 1996). 
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Table 3.2. Composition (DM basis) of diet fed to steers in the feedlot 
 Inclusion, % DM 
Item yr 1 yr 2 
Ingredient, %   
   MWDGS
1 
45 25 
   Dry Whole Corn 25 -- 
   High Moisture Corn -- 50 
   Corn Husklage 20 20 
   Ground corn 7.30 3.65 
   Limestone 2.50 1.25 
   Trace mineral salt
2
 0.10 0.05 
   Rumensin 90
3 
0.018 0.009 
   Tylosin 40
4 
0.012 0.006 
   Soybean oil
 
0.076 0.038 
Analyzed nutrient content, %   
EW to NW
5 
  
   CP 17.3 13.8 
   NDF 23.9 17.5 
   ADF 14.1 9.8 
   Crude fat 5.3 5.0 
Finishing phase
6 
  
   CP 18.1 12.8 
   NDF 25.3 18.6 
   ADF 14.3 10.4 
   Crude fat 5.1 5.1 
1
 MWDGS = Modified Wet Distillers Grains with Solubles. 
2
 Trace Mineral Salt = 8.5% Ca (as CaCO3), 5% Mg (as MgO and MgSO4), 7.6% K (as KCl2), 6.7% Cl (as   
   KCl2) 10% S (as S8, prilled), 0.5% Cu (as CuSO4 and Availa-4 (Zinpro Performance Minerals; Zinpro Corp,   
   Eden Prairie, MN)), 2% Fe (as FeSO4), 3% Mn (as MnSO4 and Availa-4), 3% Zn (as ZnSO4 and Availa-4),  
   278 ppm Co (as Availa-4), 250 ppm I (as Ca(IO3)2), 150 Se (Na2SeO3), 2,205 KIU/kg Vit A (as retinyl  
   acetate), 662.5 KIU/kg Vit D (as cholecalciferol), 22,047.5 IU/kg Vit E (as DL-α-tocopheryl acetate), and less  
   than 1% CP, fat, crude fiber, salt. 
3
 Rumensin 90 (198 g monensin/kg Rumensin 90; Elanco Animal Health, Greenfield, IN).   
4
 Tylosin 40 (88 g tylan/kg Tylosin 40; Elanco Animal Health, Greenfield, IN). 
5 
Nutrient composition of diet fed to EW steers between early weaning and normal weaning. EW = early wean, 78 ±   
  11 d of age; NW = normal wean, 186 ± 11 d of age. 
6 
Nutrient composition of diet fed to EW and NW steers in the finishing phase. 
 
 
 
80 
 
 
Table 3.3. Effects of dam prepartum supplement level and age of weaning on feedlot performance of steer progeny 
 Supplement
1 
 Wean
2 
 P – value3 
Item NS LS HS SE EW NW SE S
 
W
 
yr × W 
 n 
 
88 88 92 -- 132 136 --    
Initial BW
4
, kg 
 
258 257 256 3.8 287
x 
227
y 
3.5 0.77 < 0.01 0.80 
Final BW
5
, kg
  
555 559 545 6.5 564
x
 541
y
 5.3 0.30 < 0.01 0.94 
ADG, kg 1.83 1.84 1.82 0.02 
  
 0.78 0.01 0.02 
    yr 1     1.77 1.78 0.03    
    yr 2     1.82
x
 1.95
y
 0.03    
DMI, kg/d 9.44 9.42 9.51 0.13 9.56 9.35 0.11 0.88 0.16 0.27 
G:F   0.197 0.197 0.195 0.0023 0.190
x
 0.202
y
 0.0019 0.82 < 0.01 0.44 
x-y 
Means associated with age of weaning with different superscripts differ (P ≤ 0.05). 
1
 Supplement level: NS = no supplement, LS = low supplement, 2.16 kg/ (hd∙d-1), HS = high supplement, 8.61 kg/ (hd∙d-1). 
2
 Age of weaning: EW = early wean, 78 ± 11 d of age; NW = normal wean, 186 ± 11 d of age. 
3
 P ≤ 0.01 for yr in all variables; S = supplement level; W = age of weaning; S × yr, S × W, S × W × yr not significant (P > 0.23). 
4 
214 ± 11 d of age; measured after all cattle were transitioned to a common feedlot diet.  
5 
Calculated from hot carcass weight; 62% dressing percentage. 
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Table 3.4. Effects of dam prepartum supplement level and age of weaning on carcass characteristics of steer progeny 
 
Supplement
1 
 Wean
2 
  P- value
3 
Item NS LS  HS SE EW NW SE S W yr × W 
Steers, n 87 88 92  132 135     
Yield           
   HCW, kg 344 347 338 4.0 350
x 
336
y 
3.3  0.30 < 0.01 0.94 
   YG
 
3.1 3.1 3.0 3.1 3.2
x 
3.0
y 
0.04  0.38 < 0.01 0.88 
   LM area, cm
2 
80.4 80.6 80.4 0.82 81.3 79.6 0.66  0.98 0.06 0.90 
   Backfat, cm 1.31 1.30 1.26 0.03 1.37
x 
1.21
y 
0.03  0.36 < 0.01 0.71 
   KPH, % 2.2
 
2.1
 
2.2
 
0.02 2.2 2.1 0.02  0.15 0.11 0.10 
Quality           
  Marbling
4 
446 462 463 8.0 468
x 
447
y 
6.5  0.22 0.02 0.09 
  ≥ Low Choice, % 80.8 78.2 84.4 5.0     0.62 0.02 0.04 
        yr 1     86.2 84.7 5.0    
        yr 2     87.3
x 
60.0
y 
6.0    
  ≥ Avg Choice, % 15.6a 26.3ab 34.8b 5.1    0.03 0.02 0.03 
        yr  1     29.3 28.3 5.8    
        yr 2     34.6
x 
11.7
y 
6.0    
Age at Harvest 375 378 373 2.6 368
x 
383
y 
2.1  0.37 < 0.01 0.46 
a-b 
Means associated with main effect of supplement level with different superscripts differ (P ≤ 0.05). 
x-y 
Means associated with age of weaning with different superscripts differ (P ≤ 0.05). 
1
 Supplement level: NS = no supplement, L = low supplement, 2.16 kg/ (hd∙d-1), H = high supplement, 8.61 kg/ (hd∙d-1). 
2
 Age of weaning: EW = early wean, 78 ± 11 d of age; NW = normal wean, 186 ± 11 d of age. 
3
 P ≤ 0.05 for yr for Marbling, KPH, Age at Harvest; S = supplement level; W = age of weaning; S × yr, S × W, S × W × yr not significant (P > 0.09). 
4
 400 = small
 
, 500 = modest.
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Table 3.5. Effects of dam prepartum supplement level and age of weaning on morbidity and 
mortality of steer progeny 
 
Supplement
1  
Wean
2 
 P – value3 
Item NS LS HS SEM
 
EW NW SEM
 
S W 
Treated once, % 10.8 15.4 14.2 3.2 20.3
x 
8.5
y 
3.4 0.62 0.01 
Treated 2+, % 1.7 4.5 4.8 2.2 6.2
 
1.8 2.1 0.43 0.06 
Death, % 2.5 1.4 1.2 2.5 5.8
x 
0.7
y 
2.0 0.86 0.04 
x-y 
Means associated with age of weaning with different superscripts differ (P ≤ 0.05). 
1
 Supplement level: NS = no supplement, LS = low supplement, 2.16 kg/hd∙d-1, HS = high supplement, 8.61 kg/hd∙d-1. 
2 
Age of weaning: EW = early wean, 78 ± 11 d of age; NW = normal wean, 186 ± 11 d of age. 
3 
S = supplement level; W = age of weaning; yr not significant (P ≥ 0.23). 
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Table 3.6. Effects of dam prepartum supplement level and age of weaning on glucose and insulin concentration  
of steer progeny 
 Supplement
1 
 Wean
2 
 P – value3 
Item NS LS HS SE EW NW SE S
 
W S × T
4 
W × T
4 
n 24 24 24 -- 36 36 --     
G
5
, mg/dL        0.08 0.23 0.25 0.92 
   90 85.5 85.0 87.9 1.46 85.4 86.8 1.20     
   120  86.5 84.9 86.4 1.23 84.7 87.1 1.00     
   150 88.5 87.2 90.7 1.28 87.8 89.8 1.04     
   240 95.1 94.6 103.4 2.56 96.8 98.6 2.09     
I
6
, ng/mL        0.76 < 0.01 < 0.01 0.07 
   90 1.32 1.38 1.34 0.18 1.66 1.03 0.15   0.97  
   120 0.89 1.13 0.86 0.10 1.11 0.82 0.08   0.11  
   150 0.78 0.73 0.76 0.08 0.87 0.64 0.07   0.92  
   240 0.68
a 
0.80
ab 
0.92
b 
0.07 0.90 0.70 0.05   0.04  
I:G, ng/(mg∙mL)       0.68 < 0.01 0.03 0.04 
   90 1.56 1.63 1.51 0.20 1.95
x 
1.18
y 
0.16   0.90 < 0.01 
   120  1.05 1.34 1.0 0.12 1.32
x 
0.95
y 
0.10   0.10 0.01 
   150 0.89 0.84 0.83 0.09 0.99
x 
0.72
y 
0.07   0.91 0.01 
   240 0.72 0.85 0.88 0.06 0.87
x 
0.71
y 
0.05   0.19 0.01 
a-b 
Means associated with main effect of supplement level with different superscripts differ (P ≤ 0.05). 
x-y 
Means associated with age of weaning with different superscripts differ (P ≤ 0.05). 
1
 Supplement level: NS = no supplement, LS = low supplement, 2.16 kg/ (hd∙d-1), HS = high supplement, 8.61 kg/ (hd∙d-1). 
2
 Age of weaning: EW = early wean, 78 ± 11 d of age; NW = normal wean, 186 ± 11 d of age. 
3
 S = supplement level, W = age of weaning; T = time; P ≥ 0.06 for yr, yr × S, yr × W × S, yr × W × T, yr × S × T, W × S × T, yr ×   
  W × S × T; P ≤ 0.08 for T and yr × T. 
4 
PDIFF used to differentiate means when SLICE effect at time was significant (P ≤ 0.05). 
5 
G = glucose. 
6 
I = insulin. 
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Figure 3.1. Effect of age of weaning on insulin concentration in yr 1 and yr 2. Obtained from 
steers whose dams were supplemented at 1 of 3 levels: NS = no supplement, LS = low 
supplement, 2.16 kg / (hd∙d-1), HS = high supplement, 8.61 kg / (hd∙d-1) and weaned at 1 of 2 
ages: EW (■) = early wean, 78 ± 11 d of age; NW (■) = normal wean, 186 ± 11 d of age. A yr × 
wean interaction existed (P = 0.03). In yr 1, EW steers had increased (P < 0.01) insulin 
concentration compared to NW steers. In yr 2, insulin concentration did not differ (P = 0.51) 
between EW and NW steers. 
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Figure 3.2. Effect of age of weaning on insulin:glucose in yr 1 and yr 2. Obtained from 
steers whose dams were supplemented at 1 of 3 levels: NS = no supplement, LS = low 
supplement, 2.16 kg / (hd∙d-1), HS = high supplement, 8.61 kg / (hd∙d-1) and weaned at 1 of 2 
ages: EW (■) = early wean, 78 ± 11 d of age; NW (■) = normal wean, 186 ± 11 d of age. A 
yr × wean interaction existed (P = 0.03). In yr 1, EW steers had increased (P < 0.01) 
insulin:glucose compared to NW steers. In yr 2, insulin:glucose did not differ (P = 0.42) 
between EW and NW steers. 
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